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The floras of alpine and subalpine districts are especially attractive

to the field- botanist. The flowers of such regions are as a rule more

showy in proportion to the size of the plants than in the lowland forms;

while on mountain summits and slopes are found many species quite

unknown in the habitable districts. And, owing to the steepness and

exposure of the slopes, the plants of alpine and subalpine situations

are ordinarily found in picturesque and even inaccessible localities :

—

on the faces of cliffs, in rock-crevices, or on talus-slopes formed from

the overhanging cliffs. In this characteristic, of growing primarily on

soils derived from the rock in place, our alpine plants are strongly

contrasted with the most familiar vegetation of the lower and more

habitable regions of New England, New York, and eastern Canada,

a vegetation which is found on more or less mixed or transported

soils —in our region chiefly of alluvial or glacial origin.

Aside from the somewhat unique habitat of many plants of high

mountains and cliffs and their interest as species unknown or rarely

seen in the lowland, these alpine plants present to the student of geo-

graphic botany a problem of peculiar fascination. In most cases their

known distribution is seemingly very erratic. The typical plants

of these regions, instead of occurring over broad and continuous areas

of eastern Canada and the United States, are found in only a few

very isolated situations; and not until they reach the high-northern

districts of polar America or other boreal regions do they occur exten-

sively or in closely contiguous large areas. Empetrum nigrum, for

instance, the Crow-berrv or Curlew-berry, is a characteristic trailing



150 Rhodora [September

shrub at the very highest points of the Adirondack, Green, and White

Mountains, on the naked-topped mountains of Maine, on Mt. Albert

and Table-fop Mt. in Gasp£, on the rocks of Mt. Desert Island and

the adjacent coast of Maine, New Brunswick and Nova Scotia;

thence along the coast of Nova Scotia and the outer coast of Newfound-

land to Labrador. About the Gulf of St. Lawrence it is somewhat

local and usually confined to cold bogs or occasional cliffs. In other

words, south of the St. Lawrence Empctrum nigrum is isolated in its

distribution, occurring only on the higher mountain-summits and

on cold coastal rocks or bogs. North of the St. Lawrence, however,

it becomes one of the commonest of plants, " abundant throughout the

semi-barren and barren regions of the [Labrador] peninsula, growing

freely on the coast and inland," 1 and according to Delabarre it is

"the most abundant phenogamous plant of Labrador." 2 West of the

Labrador Peninsula and Baffin Land it grows, according to Macoun,

"along the north shore of Lake Superior, and at Port Arthur, ....

Thence it takes a northwesterly direction and is found in peat bogs,

on exposed rocks along the shores, and on barren grounds to the

Pacific Ocean and Arctic Sea." 3 From the Arctic it extends south-

ward along the Coast Range to the region of Sitka, and very locally

on cliffs to the coast of northern California. It is also on the moun-

tains of southern British Columbia, and locally in Washington; and

it grows in arctic-alpine regions of Eurasia. Rubus Chamaemmus,

the Baked-apple of the coastal region of eastern Maine, southern New

Brunswick and Nova Scotia, is also on the higher White Mts. of New

Hampshire and the adjacent high peaks of western Maine, but un-

known on other New England mountains; locally on bogs of Temis-

couata and Rimouski Counties, Quebec, and on Table-top Mt. in

Gaspe. From these isolated areas south of the St. Lawrence it extends

northward along the outer coast of Newfoundland, and from the north

shore of the St. Lawrence "everywhere throughout Labrador to beyond

the tree limit" 4
; through Arctic and subarctic regions to Alaska,

coming south along the Coast Range to the region of Sitka. Many
other characteristic plants of the isolated alpine or colder areas of

1 Low, Report on Explorations in the Labrador Penninsula: Geol. Surv. Can., Ann.

Rep., n. s. viii. 40 L. (1886),
2 Delabarre, Bull. Geogr. Soc. Phila. iii. no. 4, 190 (1902).

3 Macoun, Cat. Can. PI i. 458 (1886).

* Low, 1 c. 38 L. (1896).
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Maine and New Hampshire are, like Emprtrum nigrum and Rubus

Chamaemorus, the common plants of Labrador and other subarctic

and arctic regions of America. Another large group of isolated

species is well represented by Dryas Drummondii, one of the com-

monest and most showy plants of the ledgy shores and gravelly

beaches of the Gaspe Peninsula and of Anticosti Island. This

beautiful shrub, so common in Gaspe and Anticosti, is quite unknown

elsewhere east of the Rocky Alts. There, however, it is found

throughout the System from northwestern Montana northward, along

alpine rivers to the shores of the Arctic Sea. 1

When, on the other hand, we examine the detailed distribution of

the plants which characterize the low altitudes, or at least the every-

day inhabited portions of New England and eastern Canada, a very

different situation is found. The most familiar plants of these regions,

instead of occurring only at few and remote highly specialized stations,

are of general or continuous distribution over broad and easily defined

areas. Thus, to cite a few typical illustrations, Clematis virginiana

occurs along streams from the Baie des Chaleurs to Georgia, and west

to Lake Winnipeg and the Mississippi valley. Anemonella thalictroides

is common in dry woods from southern New Hampshire westward to

southern Ontario and Minnesota, south to Maryland, and in the

upland country to western Florida. Viola conspersa 2 occurs very

generally in alluvial woods and thickets or in wild meadows from

southern Gaspe and eastern New Brunswick west to the Great Lake

region, south to Maryland, West Virginia and southern Indiana, and

locally along the mountains southward. I lev monticola grows in rich

woods of the Alleghanies from northern Alabama northward across

Pennsylvania, and locally to the Taconic Mountains of southwestern

Massachusetts and the hill-country of western New York. Aster

subulatus in its general distribution follows the coastal marshes from

New Hampshire to Florida. These five species of Clematis, Anemon-

ella, Viola, Ilex, and Aster, illustrate very fairly the general and con-

tinuous distribution of a large proportion of our plants of the north-

temperate regions.

The isolation above indicated of the alpine and subalpine plants in

New England, Nova Scotia, New Brunswick, and Quebec (as well as

on the Adirondack Mts. and in other cold areas of New York, on the

See Maroun, Cat. Can. PI. i. 132 (1883).
2 Viola consperaa Reichenb. (V. ennina L., var. Muhlenbergii Trautv.).
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north shore of Lake Superior, and at other similar points) is of eourse

due in part to the fact that we have in this large district only a limited

number of regions in which the climatic conditions are comparable

with those of the Arctic. And the occurrence 1 in exposed or frigid

situations of Mt. Washington or along the Gaspe* rivers of such isolated

species as Empetrum nigrum, Rubus Chamaemorus and Dryas Drum-

mondii is one of the strong links of evidence which has convinced

botanists of the inevitableness of the conclusions long ago reached

by Hooker, Gray, and others, that it is "difficult to account for these

facts, unless we admit Mr. Darwin's hypotheses, first, that the existing

Scandinavian flora is of great antiquity, and that previous to the glacial

epoch it was more uniformly distributed over the polar zone than it

is now; secondly, that during the advent of the glacial period this

Scandinavian vegetation Mas driven southward in every longitude,

and even across the tropics into the south temperate zone; and that

on the succeeding warmth of the present epoch, those species that

survived both ascended the mountains of the warmer zones, and also

returned northward accompanied by aborigines of the countries they

had invaded during their southern migration. Mr. Darwin shows

how aptly such an explanation meets the difficulty of accounting for

the restriction of so many American and Asiatic arctic types to their

own peculiar longitudinal zones, and for what is a far greater difficulty,

the representation of the same arctic genera by most closely allied

species in different longitudes." 1

Practically every newly explored alpine district or cliff-region of

New England and eastern Canada furnishes its addition to the already

extensive list of polar and high-northern species which are isolated

south of the St. Lawrence; and to-day we know in this area, between

Long Island Sound and the mouth of the River St. Lawrence, more

than four hundred such Pteridophyta and Spermatophyta, a list which

would be significantly increased by the addition of the lower groups

of plants. But the discovery of a few additions to this very long list

of arctic-alpine and high-northern plants south of the St. Lawrence,

however interesting it always proves, is, in view of the extensive data

already amassed, only of minor importance compared with the greater

problem of determining the reasons for this isolated distribution.

1 J. D. Hooker, Outlines of the Distribution of Arctic Plants : Trans. Linn. Soc.

xxiii. pt. 2, 253 (1861). See also Darwin, Origin of Species, Cliap. XI; Gray, Am.
Journ. Sci. Ser. 2, xxxiv. 144 (1862).
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For several years the writer has realized that, in the available in-

formation on the occurrence of these plants, a most important factor

is missing; and since 1893 much of his field-observation has been

directed toward a possible solution of the problem. During the past

fourteen summers he has examined over thirty of the mountains of

New England and eastern Canada which support more or less pro-

nounced arctic-alpine floras; the cold cliffs of the Maine coast at

various points from York to Cutler; the shores of the Bay of Fundy

and the southern and eastern coasts of Nova Scotia at remote points;

the coast of northeastern New Brunswick and of the Gaspe Peninsula;

and the sea-cliffs of the south shore of the St. Lawrence westward to

Temiscouata County, Quebec. The studies of these areas and of

many river cliffs of northern Maine and eastern Quebec, supplemented

by the detailed collections of other botanists and their publications

upon the floras of various cliffs and alpine summits, especially of the

White and Green Mountains, have furnished the basis for the conclu-

sions here to be presented. In the explorations of the past few sum-

mers the writer has had the enthusiastic cooperation of Professor J.

Franklin Collins, without whose ever ready ingenuity at "roping"

difficult cliffs, it would have been impossible to secure many of these

observations.

One of the first impressions gained in botanizing on Willoughby

Cliffs or in Smuggler's Notch or on the sea-cliffs of Bic or of Perce, for

instance, then on Mt. Washington or Katahdin or Table-top Mt.,

and then on Mt. Albert, is that alpine floras are very dissimilar. This

difference has often been remarked. Dr. A. J. Grout, for example,

in describing an ascent of Mt. Washington through Tuckerman's

Ravine, says:

"After a climb of about two hours we came into Tuckerman's

Ravine proper where the alpine plants began to appear. This reminds

one strongly of the Smuggler's Notch ravines, on a much larger scale

and the path to the summit zigzags back and forth over towering

cliffs similar but less abrupt. One of the most striking things to me
was the difference in the flora here and elsewhere on Mt. Washington

and that of Smuggler's Notch and Mt. Mansfield. Here in Tucker-

man's Ravine were Salix phylicifolia both sexes, Alnus alnohciula

[A. crispa] and a number of more common alpine plants, but no

Pinguicida, neither of our alpine Saxifrages, nor did I see any of our
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rare alpine ferns; no Artemisia Canadensis, Arenaria hirta [A. verna,

var. propinqua], Hedysarum or Astragalus. However this deficiency

was atoned for by the bright yellow Arnica Chamissonis [A. mollis],

strongly resembling a dwarf sunflower; Oxyria digyna, whose very

looks seemed to say: 'a near relative of our sorrel'; Gnaphalium

supinum, which one could easily mistake for our common G. vligi-

nosum; Phleum alpinum that looks just like dwarfed timothy; Sali.r

argyrocarpa in fine fruit, and a form called a hybrid between this and

S. phylirifoiia. Besides these more striking forms, we also collected

here Veronica alpina, Sibbaldia procumbent, Loiselcuria procumhens,

Epilobium alpinum, and Geum radiatum [G. PeeL-ii]." '

Later, at a meeting of the Torrey Botanical Club, Dr. Grout con-

trasted the flora of the Smuggler's Notch region of Mt. Mansfield;

where "are found Dryopteris [Aspidium] fragrans, Woodsia glabella

and W. alpina, Peflaea gracilis [Cry ptogramma Stelleri], Polysticlunn

Braunii, Asplenium viride, Blepkariglottis grand
i
flora [Ilabenana

fimbriata], Saxifraga oppositifolia, S. Aizoon, and S. autumnalis

[S. aizoides], Astragalus Jesupi [A. Blakei], Hedysarum Amcriranum

[H. boreale], Draba incana [D. stylaris], Arenaria verna [var. propinqua],

Pyrola minor, Gentiana acuta [G. Amarella, var. acuta], Castilleja

acuminata [C. pallida, var. septcntrionalis], Erigcron hyssopifohus,

Solidago Virgaurea, vara, and that choicest of beauties and wonders,

the insect-eating Pinguicula vulgaris"
;

2 with that of the summit-ledges,

where are found "Polygonum viviparum, Comandra livida, Viburnum

paucidorum, Sali.r Uva-urxi, Vacdnium caespitomm, V. uliginosum,

Vifis-Idaea, Nabalus [Prenanthes] Boottii and Diapensia"
;

2 and in

the abstract of this address, as published, the concluding paragraph

reads: "A comparison of the flora of this region and that of Mt.

Washington, brings out the fact that here are several northern plants

not found at the loftier elevation of the Mt. Washington region,

although the conditions there are more severely alpine and supposedly

more favorable. None of the saxifrages mentioned above can be

found in the White Mountain region, but another alpine species, S.

rivularis, occurs there. This is only one of several cases hard to

account for, on a theory of a residual flora, as the regions are so near

to each other and the conditions are so similar." 2

1 A. J. Grout, Plant World, ii. 116 (1899).
2 A. J. Grout, as reported by N. L. Hritton, Torreya, ii. 47 (1902).
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Had the plants of Smuggler's Notch and of Mt. Washington been

further compared with the flora of the great alpine tableland of Mt.

Albert in Gaspe the contrast would have been quite as marked, for

on that broad expanse of bare summit and canon-walls the character-

istic plants are unlike those either of Mt. Washington or of Smuggler's

Notch, and in their stead we find extensive areas of Adiantum palatum,

var. akuticum, Fcstuca altaica, Salix desertorum, Armaria arctica,

Statice sibirica, Solidago decumbens, Artemisia borcalis, and many

other plants which are unknown elsewhere south of the St. Lawrence.

If, however, comparison is made of the floras of Smuggler's Notch

and of Willoughby Cliffs, many sea-cliffs of Bic and the north coast of

Gaspe, the mountain- and sea-cliffs of Perce, the cliffs of certain spurs

abutting on the northwestern edge of Table-top Mountain, and various

river-cliffs in northern Maine, New Brunswick, and the interior of

the Gaspe Peninsula; we shall find a remarkable similarity in their

floras. In fact, of the 29 distinctively cliff or subalpine plants of

Smuggler's Notch all but the local Astragalus Bkikei are known

from the sea-cliffs of Bic and the Gaspe coast, the river-cliffs of the

Gaspe interior, or the northwestern abutments of Table-top Moun-

tain; while on the neighboring cliffs of Willoughby only 18 of the 29

notable Smuggler's Notch species are found, though a few others are

there present. Furthermore, on the more northern and ordinarily

more exposed cliffs of the Gaspe mountains and coast many additional

plants are associated with those of Smuggler's Notch and of Willoughby

Cliffs; but on none of these areas (except Table-top Mt. discussed

below) is there a noteworthy identity with the alpine flora of Mt.

Washington.

When, on the other hand, we compare the characteristic alpine

flora of Mt. Washington and the adjacent White Mountains with

that of Mt. Katahdin or the great alpine tableland (15 miles long, by

.3 or more miles wide) of Table-top Mountain, or the coastal cliffs of

eastern Maine, we find a striking similarity in these floras. Some of

these areas support one or more plants not known in either of the

others, 1 but on these three great mountain areas the characteristic

species are identical, while several of them occur on the coast of eastern

1 Carex capitata, Gcum T'eckii, Saxijraga riiitlaris, and Euphrasia Williamsii on Mt.

Washington; Carex Qrahami, C. saxatilis, C. katahdinetmt, and Saxijraga stellaris, var.

comosa on Katahdin; Phcgi>i>tcris alpcstris, Asplcnium cyclosorum, Cerastium cerastioides,

Petasitcs vitifolia and P. trigimophijlla on Table-top Mountain.
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Maine and adjacent NowBrunswick, on the highest of the Adirondacks,

and on several lesser mountains of New England and New Bruns-

wick not here enumerated.

Furthermore, at the exposed summits of Mt. Mansfield and of

Camel's Hump in Vermont, where the distinctive plants of Smuggler's

Notch are mostly unknown, the following alpine and suhalpine plants

are found:

Lycopodium Selago L., var. appressum

Desv.

Agrostis borealis Hartm.
Calametgrostis Pickerinyii Gray.

Desehampsia atropurpurea ("\Yahl.)

Scheele.

Hierochloe alpina (S\v.) R. & S.

Poa laxa Haenke.

Carex brunnescens Poir.

" Michauxiana Boeckl.

" rigida Good., var. Bigeloxcii

(Torr.) Boott.

Scirpus caespitosus L.

J uncus fili form is L.
" trifidus L.

Luzula parvifiora Desf.

Salix balsa >nif era Barratt.

" phylicijolia L.

Ura-ursi Pursh.

Alnus crispa (Ait.) Pursh.

Bdula alba L., var. minor (Tuckenn.)

Fernald.

Comandra livida Richardson.

Polygonum ririparum L.

Armaria grocnlandica (Retz.) Spreng.

Amelanckier oligocarjxi (Michx.)

Roem.

PotentiUa tridentata Ait.

Empetrum nigrum L.

Ledum groenlandicum Oeder.

Vaccinium caespitomm Michx.
" uliginosum L.

can a dense Kalm.
" pennsylranicumLsim.,xa,r.

angustifolium (Ait.) Gray.

VUis-Idaea L., var. minus
Lodd.

Solidago Yirgaurea L., var. alpina

Bigel.

Prenanthes Boottii (DC.) Gray.

( )f these 32 alpine and suhalpine plants of the high summit-areas

of the Green Mountains, plants which are quite different from the

distinctive species of the Smuggler's Notch dirt's, 29 are common
species of Mt. Washington, Katahdin, and Table-top Mountain;

and the remaining 3, although as yet unknown from Table-top, are

familiar plants of Mt. Washington and others of the White Mountains,

of Katahdin, and even of some of the minor mountains of Maine.

As already remarked, the characteristic plants of the great tableland

of Mt. Albert are, so far as known, unique in our flora; and, judging

from our very limited knowledge of certain botanically unexplored

mountains it is possible that upon them still other alpine or subalpine

floras exist. Nevertheless, admitting that there are still highly promis-

ing mountains and cliffs within our boundaries whose plants are quite

unknown to us, we already have sufficient data to point out three very
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clearly defined floras which are quite absent from certain alpine and

subalpine areas, but as positively the distinctive plants of certain others.

In the accompanying table is shown the known distribution south

of the St. Lawrence and east of the Great Lake region and western

New York of 258 alpine and subalpine Pteridophyta and Spermato-

phyta. This list includes a large proportion of the New England spe-

cies, but owing to the lack of sufficiently accurate knowledge of the

distribution of certain alpine plants (especially in eastern Canada) they

are for the present omitted. Many other species belonging to such per-

plexing genera as Catamagrostis, Poa, Salix, Epilobium, Campanula,

Solidago, Aster, etc., must await more detailed study before they can

be satisfactorily identified.

It should be borne in mind that, in the preparation of these tables

of distribution, only the alpine and subalpine habitats have been

included, i. e., the localities in which the plants occur upon soils in

place, either upon summit-ledges and upper slopes or on exposed

cliffs and talus. In a few cases plants may be present in the bogs or

swamps of a given region, but unknown in the rock-habitats. Such

species are Rubus Chamaemortts and Menyanthes trifoliafa, for in-

stance, abundant in certain bogs along the lower St. Lawrence, but

apparently unknown from the adjacent sea-cliffs and consequently

not included from them in the table.

In tabulating the distribution of plants of regions which are not

known to the writer from personal observation, it has not always been

possible to secure full data, and many plants which are probably

present in these localities are necessarily left unchecked. Some of

the members of the Pinaceac, for example, are undoubtedly upon the

cliffs of Smuggler's Notch, but the published lists of plants of that

region have naturally laid more emphasis upon the localized species

than upon those which are common throughout the Green Mountains,

and the presence of many of the latter may be only assumed.

Of the 258 plants whose alpine and subalpine distribution is here

tabulated, many species, it will be noticed, are confined very definitely

to certain alpine areas, and are quite unknown from certain others.

These areas which are characterized by distinctive floras fall into three

major groups, and a fourth or minor group (of a single area) supporting

a flora which embraces to a striking degree a mixture of plants which

are otherwise confined very exclusively to one or the other of two of

the major groups of areas.
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Table I, showing the Distribution south of the River

St. Lawrence of 25S Alpine and Subalpine Plants.
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Lycopodium Selago L.. var. appressum Desv. + + + + + +

—

+
var. patens (Beauv.) Desv. . . .

• + + +
+

sitchense Ruprecht •t + + + 1

annot inura L., var. pungens Desv.
1 + + + + + • •

Selaginella selaginoides (L.) Link . . . . + + + 4- + +
Adiantuin pedatum L., var. aleuticum Rupr. +
Cryptogranmia densa (Brack.) Diels . +

Stelleri (Gmel.) Prantl • + + + + f- 4-

Phegopteris alpestris (Hoppe) Mett. . +
Robertiana (Hoffm.) A. Br + +

• r + + + + + 4- +
niontana (L.) Bernh • 4-

-t- + + + 4- +
cyclosorum (Rupr.) Fernald* . . . . +

Polystlchum Lonchltls (L.) Roth . . . .
4-

scopulinum (Eatoin Maxon . . . . +
Aspidiuin fragrans (L.) s " + + + + + 4-

Woodsia glabella R. Br + + + + + -

alpina (Bolton) S. F. Gray . . . . + • + + + + +

oregana D. C. Eaton +
scopullna D. C. Eaton -

Larix Laricina (DuRoi) Koch + + + + - 4- +
Picea niariana (Mill.) BSP + + + + + + + + 4- 4- • +

canadensis (Mill.) BSP + + + + + • + + + + + + • +
Abies balsamea (L.) Mill . + + + + + • + + + + + +

+

•

•

+
fJunlperus communis I... var. niontana Ait. .

Hierochloe alpina (8w.) R. & S + + + + + • 1

Phleum alpinuin L. + + • + + +
Agrosiis borealis Hartm + j+i + + + + + + • +

+ -1- +
Langsdorfli l

Link) Trin + + - + + •

hyperborea Lauge + + + +
purpurascens R. Br. 4-

Deschamp.sia atropurpurea (Wahl.) Scheele . + + •

caespitosa(L.) Beauv., var. alpina Yasey 4-

•AaPUENitJM cyclosorum (Rupr.) comb. nov.

Russ. Reich, iii. 41 (1846).
1

, -, 3
. etc. For notes see page 1C5.

Athyrium cydotontm Rupr. Beitr. Pflauzenk.
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Table I —continued.

Names of Plants

Danthonia intermedia Vasey

Trisetum melicoideum (Michx.) Vasey . .

Poa alpina L
laxa Haenke
Sandbergii Vasey

Festuca altaica Trin

rubra L., var. prolifera Piper . . . .

ovina L., var. brevifolia (R. Br.) Hack

Scirpus eaespitosus L
pauciflorus Light f

Eriophorum callitrix Cliam

Chamissonis C. A. Meyer ....
var albidum (F. Nyl.) Fernald .

Rynchospora capillaeea Torr

Carex lagopina Wabl
canesrens L

var. subloliacea Laest.

brunnescens Poir

stellulata Good
obtusata Lilj

Backii Boott

capitata L
scirpoidea Michx
deflexa Hornem
concinna R. Br
eburnea Boott

bicolor All

vaginata Tausch

capillaris L
var. elongata Olney ....

paupercula Michx
var. irrigua (Sin.) Fernald

limosa L
rariflora Smith
rigida Good

var. Bigelowii (Torr.) Boott

lenticularis Michx

atrata L., var. ovata Boott

alpina 8w

Group I

s i a < * \-a *

£ a ^ a h

4- + 4-

+ +

+ + + + + +

+ + + 4-4-

4-4-4-
4- 4-

4- 4- + +
4- 4-4- 4-

4-

+ 1 +
+ +
4- 4-

4-

4- +1
4-4-4-4-

4- 4- 4- + + : - •

+ +
4-

4- + 1

4-

4- 4- + 4- + •

4- 4- 4- + 4- 4- 4-

4- + + -

159

in

x .

Til Jf S
1

"5 I
S

V. j. ' r

4- 4- + +
4- + 4-

4-

+

4-

4-

+
+ 4- 4- +

4- 4-

4- 4-

+
+

4-

4- 4

4-4-4-

+ + + +
4- 4-

4- 4-

4-

+ 4- 4- 4-
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Table I

—

continued.

[September

Names of Plants

Carex oligosperma Michx
I hrahami Boott

saxatilis L
var. niiliaris (Michx.) Bailey

Michauxiana Boeckl. . ....
paudflora Lightf

Juncus filiformis L
trihdus L
castaneus Smith
alpinus Vill

Luzula parviflora Desv
spicata (L.) DC

var. tenalla Meyer
confusa Lindeb

Tofieldia palustris Huds
glutlnosa (Michx.) Pers

Zygadenus cliloranthus Richards. • . .

Cypripedium parvlflorum Sallsb. . . .

Habenaria dilatata (Pursh) Gray . . .

Mlcrostylia monophyllos (L.) Lindl.

Salix vestita Pursh
Barclay] Anders

pseudo-myrsinites Anders
arpyrocarpa Anders.

desertorum Richards
var. stricta Anders

chlorolepls Fernald

glauca L
phylicifolia L
balsamifera Barratt

peilicellaris Pursh
Uva-ursi Pursh

herbacea L
Betula alba L., var. minor (Tuck.) Fernald

glandulosa Michx
Alnus crispa (Ait.) Pursh

mollis Fernald
Comandra livida Richards
Oxyria digyna (L.) Campt
Lychnis alpina L

Group I In

B ®

< C £

s *j

"5 9 o £

W -H i- E-

+ 4-

+ +

4- 4-

+ +
+ +

+

+ +
4-

4- +
+

+
+
4-

+
+ +

4-

,

4-

4- +
4- 4-

+

+ +
+ +

Big e Si"J * IhJ
= § ->

i - . t *

Ill

+ 4- +
4- 4-

4-4-4-
4- 4-

4- 4-

4-

4- 4-

4-4-4-
4-

4- 4-

4-

4- 4-

4- 4-

4- +
4-4-4-

+ 1+ +
4- 4-



1907] Fern aid, —Soil Preferences of Alpine Plants

Table I

—

continued.

161

Names of Plants

Silene acaulis L
Cerastium arvense L

beeringianum Fisch

cerastioides (L.) Britioii

Sagina saginoides (L.) Britton

Arenaria arctica Stev

sajanensis Willd

ciliata L., var. humifusa Hornem.
verna L., var. propinqua (Richards.)

Fernald

groenlandica (Retz.) Sprang
Anemone parviflora Michx

multifida Poir

riparia Fernald

Ranunculus pyginaeus Wahl. .....
Allenii Robinson

Thalictrum alpinum L
Subularia aquatica L
Braya humilis (C. A. Meyer) Robinson . .

Cardamine bellidifolia L.,

var. laxa Lange
Draba incana L

var. confusa (Ehrh.) Poir. .

stylaris Gay
megasperma Fernald & Knowlton
pycnosperma Fernald & Knowlton .

arabisans Michx
var. orthocarpa FernaldA Knowlton

corymbosa R. Br
aurea Vahl

Arabis-alpina L.

hirsuta Scop
Drummondi Gray
Collinsii Fernald

Saxifraga nivalis L
stellaris L., var. comosa (Poir.) Willd. .

rivularis L
oppositifolia L

Group I Ik

Aizoon Jac(j.

aizoides L.
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Names ok Plants

Saxifraga caespitosa L
Parnassia parviflora DC

Kotzebuei C. & S

Rubus arctieus L
Cliamaemorus L
cast oris Fries

triflorus Richards

Potent ilia nivea L
Robbinsiana Oakes
tridentata Ait

palustris (L.) Scop
Sibbaliliu procumbens L
Geum Peckli Pursh

Dryas integrifolia Valil

Drummondii Richardson

Astra gains alpinus L

elegant (Hook.) Britton

Blakei Eggleston

frigidus (L.) Gray, var. americanus

(Hook.) Watson
Oxytropis campestris (L.) DC,

var. jobannetisis Fernald

lli-ilysarum boreale Nutt

Empel rum nigrum L
var. andimun DC

Rhamnus alnifolia I. 'Her

Viola nephropbylla Greene

palustris L
labradorica Schrank *

•ihepherdia canadensis (L.) Nutt

BUMgnut argentea Pursh

Lpilobium alpinum L
anagallidifolium Lam

Pyrola grandiflora Radius

Ledum groenlandicum Oeder

Rhododendron canadense (L.) BSP. . . .

lapponicum (L.) Wahl
Loiseleuria procumbens (L.) Desv.
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*r. labradorica Schrank, not V. conspersa fteichenb. ((', canina, Tar. Muhlcnbcrgii Gray
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Names of Plants

Kalmia angustifolia L
polifolia Wang

Phyllodoce caerulea (L.) Gren. & Godr. .

Cassiope hypnoides (L.) D. Don . . .

Andromeda glaucophylla Link ....
Chamaedaplme calyculata (L.) Moench . .

Arctostaphylos Uva-ursi (L.) Spreng. . . .

alpina (L.) Spreng

Vaccinium uliginosum L
caespitosum Michx
ovalifolium J. E. Smith
canadense Richards

pennsylvanicum Lam.,

var. angustifolium (Ait.) Gray .

Vitis-Idaea L., var. minus Lodd. .

Oxycoccus L
Diapensia lapponica L
Primula mistassinica Michx

farinosa L., var. macropoda Fernald .

Statice sibirica (Turcz.) Ledeb

Gentiana Amarella L.,

Ttr, acuta (Michx.) Herder .

Menyanthes trifoliata L
Lappula deflexa (Wahlenb.) Garcke . . .

Veronica alpina L., var. unalaschcensis C. A S.

Castilleja pallida (L.) Benth., var. septen-

trionalis (Lindl.) Gray
Euphrasia borealis Towns

latifolia Pursh

Oakesii Wettstein

Williamsii Robinson

Pedicularis flammea L
Rhinanthus oblongifolius Fernald . . . .

Pinguicula vulgaris L
Galium kamtschaticum Steller

Viburnum panciflorum Pylaie

Lonicera caerulea L., var. villosa (Michx.) T
& G

Valeriana sylvatica Banks *

Campanula uniflora L
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* V. sylvatica Banks, not V. uliginosa (T. & G.) Rydberg, which is the plant of Arbor Vitae

swamps of New England, New York, and the Great Lake region.



104 Rhodora

Table I
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continued.

[S KPTEMBER

Names of Plants

Lobelia Kahnii L
Solidago decumbens Greene

multiradiata Ait

ainbigua Pursli

Yirgaurea L„ w. alpina Bigel. . .

macrophylla Pursh, var. thyrsoidea (E.

Meyer) Fernald

bicolor L., var. concolor T. & G. . . .

Aster foliaceus Lindl

puniceus L., var. oligocephalus Fer-

nald

Erigeron aeris L
var. droebachensis (O. F. M.) Blytt.

var. debillfl Gray
hyssoplfolius Michx

Anteiinaria neodloica Greene,

var. gaspcnsis Fernald .

Gnapbalinm supinum Yillars

norvegicum Gunner
Achillea borealia Bongard
Artemisia borealls Pallas

var. Wormskjoldli Besser .

canadensis Michx.

Pel asites vitifolia Greene

trigonopbylla Greene

Arnica mollis Hook
chionopappa Fernald

gaspcnsis Fernald

Senecio discoideus (Hook.) Britton

pauciflorus Pursh

Balsamitae Mulil

var. firmifolius Greenman . . .

Cirsium muticum Michx., var. monticola

Fernald

Taraxacum ceratophorum (Ledeb.) DC. .

Prenanthes Boottii (DC.) Gray
trifoliolata (Cass.) Fernald,

var. nana (Bigelow) Fernald .
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1 Summits, and shores of high ponds, Adirondack Mts., New York.
2 Summits, and shores of high ponds, higher Green Mts. (Mansfield, Camel's Hump,

etc.), Vermont.

3 Summit areas and ravines of the higher White Mts. (Washington, altitude 6300 feet—1922 meters. —Lafayette, etc.), and shores of high ponds in the White Mts, New
Hampshire.

4 Mt. Katahdin, altitude 5270 feet (1623 meters), the highest point in Maine. For
detailed account of flora see Rhodora, iii, 147-184 (1901).

5 Lesser mountains (Baldpate, Saddleback, Abraham, Bigelow, etc.), of western and
centra] Maine. For account of flora of Mt. Abraham see C. H. Knowlton, Rhodora,
i. 191-193 (1899); of Mt. Saddleback see C. H. Knowlton, Rhodora, V. 35-38 (1903).

6 Mt. Desert Island and adjacent islands and mainland coast, eastern Maine. See
Rand & Redfield, Flora of Mt. Desert I., Me. (1894).

7 Tableland area of Table-top Mt., a high tableland, extreme altitude 4250 feet (1296
meters), extending 15 miles or more north and south, in the western part of Gaspe Co.,
Quebec. Separated on the west from the Shickshock Mts. by the Rirer Ste. Anne des
Monts.

8 Northern slopes and crests of Mt. Albert, a high tableland, extreme altitude 3900
feet (1195 meters), west of the River Ste. Anne des Monts, and forming the eastern end
of the Shickshock Mt. range, In Gaspe* Co., Quebec. For list of plants see John
Macoun, Trans. Roy. Soc. Can. i, sec. 4, 127-136 (1883).

9 Smuggler's Notch, a narrow pass shut in by cliff-walls of Mt. Mansfield and Sterling
Mt., in northern Vermont. For detailed accounts see C. G. Pringle, Am. Nat. x.
741-743 (1876); H. W. Preston, Am. Nat. xvi. 901-905 (1882); W. W. Eggleston, Bot.
Gaz. xx. 72-75 (1895); A. J. Grout, Plant World, ii. 116-118 (1899) and Torreya, ii.

46-48 (1902).

10 Cliffs and slides on the southwest side of Willoughby Mt., Orleans Co., Vermont. For
detailed account see G. G. Kennedy, Rhodora, vi. 93-134 (1904).

11 Cliffs and ledges of the St. John River and its tributaries, northern Maine and New
Brunswick.

12 Cliffs and ledges of the Restigouche River, New Brunswick and Quebec. For
account see G. U. Hay, Bull. Nat. Hist. Soc. N. B. xiv. 12-35 (1896).

13 Cliffs and ledges of Little Cascapedia, Bonaventure, Grand, Ste. Anne des Monts,
and other rivers of Gaspe and Bonaventure Counties, Quebec. For account of the flora

of River Ste. Anne des Monts see John Macoun, 1. c.

14 Many cliffs and headland- (conglomerate) of Bic and adjoining towns, Rimouski
Co., Quebec.

15 Sea-cliffs and mountains from Matane River to Cape Marsouin, and at other points
on the northern coast of Gaspe Co., Quebec; also Perce, Gaspe" Co., Quebec. See
Macoun, 1. c.

10 Narrow east and west abutments, northwest of the great tableland of Table-top Mt.,
Gaspe Co., Quebec. (See 7).

17 Tableland and exposed canon-walls, Mt. Albert, Gaspe Co., Quebec. (See 8).
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In the areas of the first group —the alpine districts of the Adirondaeks

of New York; the exposed summits of Mt. Mansfield and Camel's

Hump in Vermont; the alpine regions of the White Mts. of New

Hampshire; of Baldpate, Saddleback, Abraham, Bigelow, Katahdin,

and many lesser mountains of Maine; and of the tableland-area of

Table-top in Gaspe; as well as the cliff-coast of eastern Maine —we

find a flora many elements of which are common to all these areas,

the remaining species being absent for the most part from only one or

two. Of the 2,58 alpine and subalpine plants under consideration

70 (27.1 per cent.) are confined exclusively to the areas indicated as

Group I (including la); i. e., they are characteristic of the White Mts.,

Katahdin, or the tableland of Table-top, but arc quite unknown from

the cliffs of Willoughby or of Perce, or from the tableland of Mt.

Albert. These 70 plants include such familiar species and varieties as

Hierochloe alpina. Salix herbacea.

Calaniagrostis Langsdorffii. Arenaria groenlandica.

Deschampsia atropurpurea. Rubufl Chamaemorus.

Poa laxa. Cassiope hypnoides.

Carex rariflora. Arctostaphylos alpina.

" saxatilis. var. miliaris. Veronica alpina, var. unalaschcensis.

Salix phylicifolia. Phinanthus oblongifolius.

" argyrocarpa. Solidago Yirgaurea, var. alpina.

" Uva-ursi. Prenanthe.s Boottii.

Of the distinctive plants of the second large group of alpine and

subalpine areas —Smuggler's Notch; Willoughby Cliffs; certain sea-

cliffs of Bic and of the north and east coasts of Gaspe; the cliffs of

certain northwestern spurs of Table-top Mt., and various river-cliffs

of northern Maine, New Brunswick and the interior of the Gaspe

Peninsula —there is likewise a very long list, 94 (36.4 per cent, of the

258 alpine plants here considered) of which are not, so far as known,

ever found associated with the plants which characterize Groups I

and III; while 11 others (4.3 per cent.) characteristic of Group II

are known outside the areas comprising this group only on the north

side of Mt. Albert which has already been noted as an anomalous

area, Group la. Among the most familiar plants of this large flora

(Group II) are

Cryptogramma Stelleri. Anemone multifida.

Asplenium viride.
" parviflora.

Woodsia alpina. Draba stylaris.

" glabella. Saxifraga oppositifolia.

Carex eburnea. " Aizoon.
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SSaxifraga aizoides. Shepherdia canadensis.

Parnassia Kotzebuei. Primula farinosa, var. macropoda.

Dryas integrifolia. " mistassinica.

" Drummondii. Gentiana Amarella, var. acuta.

Astragalus elegans. Pinguicula vulgaris.

" Blakei. Erigeron hyssopifolius.

Hedysarum boreale. Artemisia canadensis.

Although only 27 of these 105 (94 +11) species characteristic of

Group II occur on Willoughby Cliffs and 23 of them on the cliffs of

Smuggler's Notch, 102 of the 105 are found on the cliffs of eastern

Quebec where they are the characteristic vegetation.

The great tableland and canon-walls of Mt. Albert, although ex-

posing many square miles of alpine region, have a comparatively

meagre flora; but the few species which there abound are of the

greatest interest to the eastern botanist, for with but few exceptions

they are quite unknown upon any other mountains or cliffs in eastern

North America. The plants which are strictly localized in the rock-

crevices and on the talus-slopes of Mt. Albert make up, so far as yet

determined, a flora of only 21 species (S.15 per cent, of the 25S alpine

and subalpine plants) but this flora includes the very distinctive

Adiantum pedatum, var. aleuticum. Arenaria ciliata, var. humifusa.

Cryptogramma densa. " sajanensis.

Polystichum scopulinum. " arctica.

Deschampsia caespitosa, var. alpina. Statice sibirica.

Danthonia intermedia. Solidago decumbens.

Festuca altaica. Artemisia borealis.

Salix desertorum.
" " var. Wormski-

" ehlorolepis. oldii.

Lychnis alpina. Cirsium muticum, var. monticola.

The area indicated as Group la, the northern slopes and crests of

Mt. Albert, while supporting many plants (20) otherwise confined to

areas of Group I and several (11) otherwise known only from areas

of Group II, has by itself a scarcely noteworthy flora, only 5 plants

(1.9 per cent, of our alpine species). These plants —Carex lagopina,

Luzula spicafa, var. tenella, Sagina saginoides, Ranunculus pygmaeu.t

and R. Allen ii —are all technical species and varieties and it is not

improbable that further exploration will show them to belong pri-

marily to either Group I or II.

The plants referred to in the preceding paragraphs represent a

considerable proportion of our alpine and subalpine species and

strongly marked varieties which, when they grow upon exposed sum-

mits and slopes and cold cliffs, are confined very definitely to certain
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isolated localities but are quite absent from many closely adjacent

alpine and subalpine areas in which the conditions of exposure, ex-

tremes of temperature, and amount of precipitation are seemingly the

same. Besides the three primary groups of plants which, south of the

St. Lawrence, are confined each to a single mountain or to certain

very definite mountains and cliffs, there are several secondary groups

of alpine species which are found associated with the members of each

of two of the primary groups but not the third; and a rather smaller

group of species which show no apparent selection of alpine areas.

That is to say, a few plants grow in equal abundance on Mt. Wash-

ington, Katahdin, or Table-top (Group I) and on the tableland of

Mt. Albert (Group 111); others occur on the tableland of Mt. Albert

(Group III) and also on the cliffs of Smuggler's Notch, or of the lower

St. Lawrence, or on the northwestern abutments of Table-top Mt.

(Group II); while only a few species thrive in all these areas (Groups

I, II, and III). These facts will perhaps be more clearly brought out

by the following summary.

Table II.

Summary of the known Distribution south of the St.

Lawrence of 258 Alpine and Subalpine Plants above

enumerated, showing the Number occurring in the various

Groups of Areas.

Confined to a

single group

Group. Species. Percent.

I

la

II

III

65
5

94
21

25.2

1.9

36.4

8.15

Occurring on two

or more groups

I & II

la & II

I & III

la & III

II & III

la. II * III

I, la, II & III

12
11

32

4

2

12

4.65

4.3

12.4

1.55

O.S

4.65

258 100.00
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Of the species which abound on Mt. Washington, Katahdin, or

Table-top (Group I) and on the tableland of Mt. Albert (Group III)

as well, but are unknown on the coastal cliffs of Gaspe and in other
areas with an essentially identical flora (Group II) there are 32 (12.4

per cent.), of which the following are noteworthy.

Lycopodium Selago, var. appressum. Loiseleuria procumbens.
Carex canescens. Kalmia angustifolia.

rigida, var. Bigelowii. " polifolia.

Juncus trifidus. Phyllodoce caerulea.

Betula glandulosa. Andromeda glaucophylla.
Silene acaulis. Vaccinium uliginosum.
Rubus arcticus. «

canadense.
Empetrum nigrum. «

Vitis-Idaea, var. minus.
Ledum groenlandieum. Diapensia lapponica.
Rhododendron lapponicum. Prenanthes trifoliolata, var. nana.

Twelve other plants (4.G per cent.) unknown from the tableland
of Mt. Albert (Group III) are common to districts included in Groups
I and II; 11 species (4.3 per cent.) are common to Groups la and II,

but are unknown from Groups I and III; 4 (1.5 per cent.) are common
to Groups II and III; and 2 only (0.8 per cent.), absent from areas of

Group I proper, are known from Groups la, II and III.

Twelve species (4.65 per cent.) are common to all the areas. These
noteworthy plants are all familiar species

:

Larix laricina. Luzula parviflora.

Picea mariana. Rubus triflorus.

canadensis. Potentilla tridentata.
Abies balsamea. Castilleja pallida, var. septentriona-
Agrostis borealis. lis.

Carex brunnescens. Viburnum paueiflorum.
" scirpoidea.

It is apparent from this analysis of our alpine floras that, of the 258
plants here enumerated, 185 species and varieties (65 + 5 + 94 + 21)
or 71.65 per cent, are closely restricted in their occurrence south of the
St. Lawrence each to only one of the groups of mountains, cliffs, and
alpine areas above tabulated; 61 (12 + 11 + 32 + 4 + 2) or 23.7
per cent, are known from two of the primary groups but not the third;

and only 12 or 4.65 per cent, are found on all three groups of mountains
and cliffs. Obviously, with less than 5 per cent, of our alpine and
subalpine plants showing an inclination to grow upon all our mountain
areas, but with more than 95 per cent, of the species showing a decided
preference either for one group of alpine areas or for two of the groups
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but not the third, there is to be found in the characteristics of these

areas some influence or group of influences which is of fundamental

importance in the distribution of plants.

If we seek in the precipitation and exposure of such districts as the

tableland of Table-to]) Mt. (Group 1), the northwestern escarpments

of Table-top (Group II), and the tableland of Mt. Albert (Group III),

an explanation of the very dissimilar floras of these areas we shall find

that, as we should expect, these closely adjacent slopes and .summits

(the northwestern escarpments and the western edge of Table-top

only about ten miles east of the tableland of Albert) have no apparent

difference in the amount of precipitation. Nor is the exposure of

these cloud-enshrouded districts a significant factor. The flat table-

land of Mt. Albert, for instance, and its canon-valleys with walls facing

north, south, east, and west support an essentially uniform flora;

similarly, upon Table-top a uniform flora is found upon north, south,

east, and west exposures as well as upon the level portions of the

tableland. Precipitation and exposure are, then, of only minor

importance in determining the localized distribution of our alpine

plants.

In attempting to account for the peculiarities of plant distribution

much stress has been laid of late upon the degree of fineness or coarse-

ness of soils, and their water-content. But to those intimate with the

occurrence of our alpine plants these factors, again, seem of secondary

importance. For instance, Cystoptsria monfana on Mt. Albert grows

in equal abundance on the firm and steep amphibolite cliffs and in

the dee]), fine and saturated alluvium of mountain streams. Seia-

gineUa sdaginoides, abundant in the wet mossy bogs of Bonaventure

and Gaspe' Counties, Quebec, is quite as much at home in the well-

drained alpine meadows or in the crevices of either wet or dry rocks,

in the latter situation merely becoming stiflVr and more stocky than

in deep shade or moisture. Zygadenus chlmanthus is apparently

indifferent whether it is in the crevices of sun-baked rock, on cold cliffs,

in river-alluvium or in wet bogs. Similarly, many other members

of the flora characteristic of the areas classed as Group II grow m

wet or dry, fine or coarse soils.

The distinctive plants of Groups I and III, likewise, show a remark-

able indifference to the coarseness or fineness, the dryness or satura-

tion of their supporting soils. Empetrum nigrum, Ledum gromlandi-

Vaeciniwm Vitis-Idaea, var. minus, and Prenantket trifoliolata,rum,
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var. nana, for example, seem equally at home in crevices of sun-baked

or spray-showered rock, on sandy plains, in well-drained alpine mead-

ows, and in saturated sphagnum bogs. With our alpine plants so

ubiquitous, then, in their occurrence, upon saturated, well-drained, or

dry soils, and with an apparent ability to thrive equally well in fine

river alluvium or in the crevices of a scarcely altered ledge or cliff, we

are hardly justified in depending upon these factors to explain the

distribution indicated in the preceding tabulation.

When, on the other hand, we examine the lithological character of

the regions in which these plants occur we find a very striking coinci-

dence between the soil-forming rocks of these mountains and cliffs

and the distribution of the plants which cover them.

In the first group of alpine areas specially indicated —the great

mass of the White Mountains of New Hampshire; the Adirondack

Mountains of New York; the highest summits of the Green Moun-

tains of Vermont; Baldpate, Saddleback, Abraham, Bigelow, Katah-

din, and nearly all the other naked-topped mountains of Maine; the

great tableland of Table-top Mountain in Gaspe; and Mt. Desert

Island and other parts of the exposed eastern coast of Maine —the

predominant and often the exclusive rocks arc granite or gneiss (both

containing much orthoclase or potash-feldspar, and generally musco-

vite or potash-mica) or mica (muscovite)-schist, 1 often in close proxi-

mity, and all especially high in potassium. The distinctive soil ele-

ment of the alpine areas constituting Group I is, then, potassium

;

and on these mountains and cliffs peculiarly rich in potassic constitu-

ents we find 122 of the plants here discussed, nearly two-thirds of

which in their alpine distribution are quite unknown on the moun-

tains of Groups II and III.

When, however, we examine the second large group of alpine and

subalpine areas we shall find that their characteristic rocks differ

from those of the first group —the mountains characterized by

granite, gneiss, and mica-schist, rocks which furnished a strongly

potassic soil —in one constant point. The cliffs of Perc6, 2 of the

1 For valuable assistance in the determination of several characteristic rock-specimens

from eastern Quebec the writer is under special obligations to Professor J. E. Wolff and

his student, Mr. H. N. Eaton. Upon these determinations and the detailed reports of

members of the Geological Survey of Canada the writer has chiefly depended for the

lithological data in this article. He is also indebted for suggestions upon the soil con-

stituents of many rocks to Mr. H. H. Bartlett of the Gray Herbarium.
2 For details of the mountains and cliffs of Percfi see J, M. Clarke, N. Y. State Mus.,

Rep. lvii. 1. pt. 1 (Bull. 80), 133-171 (1905).
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north coast of the Gaspe Peninsula, 1 and of Bic 2 are chiefly limestones,

calcareous sandstones, limestone-conglomerates, and calcareous slates;

the northwestern escarpments of Table-top Mt., where Salix vest it a

and S. glauca, Saxifraga oppositifolia, S. Aizoon and S. aizoides, and

Primula viisfassinica abound, are limestones; 3 the river-cliffs and

ledges of many streams of eastern Quebec, northern New Brunswick

and [Maine, characterized by Cry ptogramma Stelleri, AspJcnium viride,

Woodsia alpina and IT", glabella, Carcx eburnea, Tofieldia glutinosa.

Astragalus- elegans, Hedysarum borealc, Shepherdia canadensis,

Primula mistassinira, Pinguecula vulgaris, Erigcron hyssopifolius,

etc., are chiefly limestones and limy slates (Silurian), 4 or frequently

some other rock penetrated by veins of calcite; the famous cliffs at

Willoughby where the most notable plants occur are of impure lime-

stone; 5 and the great cliffs of Smuggler's Notch, unknown personally

to the writer, are said by those who are familiar with them to show

1 "On the south side of the St. Lawrence, in the counties of Gasp6 and Rimouski, the

rocks of the Quebec group are unconformable overlaid by a series of calcareous strata,

which we have been accustomed to call the Gasped limestones." —Logan, Geology of

Canada, 390 (1863). For further details see Logan, 1. c. 390-453; also Ells, Geol. Surv.
Can., Rep. of Progress for 1SS0-S1 and -82, part D D (1883).

2 "In the vicinity of Bic Harbour there is a great display of the limestone conglomerates
and the associated calcareous sandstones of groups B [Lower Silurian conglomerate
limestones], and it is to the resistance which they have offered to the destroying agencies

that have worn away the other rocks of the coast, that the formation of Bic Harbour is

due In the limestone conglomerates the masses inclosed are sometimes very large;

a boulder of dark gray limestone inclosed in one of the bands at Metis was measured
and computed to weigh twelve tons; another in another part of probably the same band
measured eleven feet long by six feet broad, and was supposed to weigh upward of twenty-
five tons." —Richardson, Geol. Surv. Can., Rep. of Progr. for 1858, pp. 149, 150 (1859).

Mr. H. N. Eaton's microscopical examination of rock-samples collected by the writer

from two of the Bic headlands showed the limestone and other pebbles and boulders to

be held together by a calcareous cement.
3 "Along the east and west flanks of Table-top Mountain, beds of dark-grey limestone

are seen which upon careful examination showed no trace of fossils, but which, on account
of their resemblance to the Levis limestones of the coast, described in former reports,

and their position in relation to these rocks, are thought to be of the same age [Cambria nj.

They appear to have been lifted up by the great granite mass which forms the main
portion of Table-top Mountain, and for some distance from their contact with this mass,
they show signs of alteration, being more or less changed to a dark-grey marble. The
country occupied by these rocks is very mountainous. Tin- ridges run east and west,
seemingly along the general strike of the rocks, and are cut by numerous brooks on both
sides of the water-shed, distant about six miles from the coast, and between it and the
Ste. Anne River.

The mountains have rounded outlines, and are well wooded, although in the vicinity

of Table-top they rise to a height of three thousand feet above the sea level, the general
height being about fifteen hundred feet." —Low, Geol. Surv. Can., Rep. for 1882-83-
84, pt. F. 15 (1884).

4 See Logan, Geol. of Canada (1863); J. W. Dawson, Acadian Geol, (1878); etc.
5 See Kennedy, Rhodora, vi. 94, 95 (1904).
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distinct incrustations of lime, especially in the sheltered pockets which

are the hiding-places of Cryptogramma SteUcri. The soils of the

second primary group of alpine areas are, then, distinctly calcareous;

and on the calcareous mountains and cliffs we find 135 of the species

here under consideration,
1 94 of which are apparently unknown upon

the little-calcareous but strongly potassic rocks (Group I) and upon

the tableland area of Mt. Albert which constitutes Group III.

This third primary division of our alpine districts, the tableland of

Mt. iUbert, has long been distinguished among the mountains of Gaspe

as an extensive area of serpentine, a soft rock which is essentially a

hydrated magnesium silicate. The analysis of typical serpentine as

given by Dana is "silica 43.4S, magnesia 43. 48, water 13.04 —100," ;

though extensive areas of massive serpentine do not reach this standard

of purity. The distinctive soil-element, then, in the third primary

division of our alpine areas is magnesium. Now, the presence in a

soil of so large an amount of magnesian compounds and the absence

of appreciable amounts of potassium and calcium produce conditions

exceedingly unfavorable to the majority of plants; and the vast ser-

pentine area of Mt. Albert appears to the unbotanical visitor essentially

destitute of vegetation. This impression of the area was well described

by Dr. A. P. Low, the discriminating Director of the Geological Survey

of Canada, who in the summer of 1883 spent some weeks in a study

of the geology of the Shickshock Mts. and of Table-top Mt. Mr.

Low says: "The top of Mt. Albert is nearly flat, and is rent by a deep

gorge on the east side, which, near its head, splits into several smaller

ones. The sides of these gorges are quite destitute of vegetation and

the bare serpentine rocks are weathered to a light buff color. On the

top of the mountain blocks of serpentine are scattered around, and are

partially covered by a thick growth of mosses [chiefly Racomitrlum

/finugino.mm] and lichens. Sheltered places are occupied by a stunted

growth of black spruce (Abies nigra), which rarely attains a height of

ten feet. The branches interlace near the ground and form an un-

penetrable thicket. The whole surface has a dead appearance, and

reminds one of the pictures of the moon." 3

This vivid impression of the serpentine area of Mt. Albert is gained

i In Europe many species have been pointed out as confined primarily to calcareous

soils. For a bibliography on this subject see Schimper, Pflanzen-Geogr. 129, 130 (1898).

2 Dana, Man. Geol., ed. 4, 68 (1895).

3 Low, Geol. Surv. Can., Rep. for 1882-83-84, pt. F. 7, 8 (1884).
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by all who visit it, yet upon its seemingly naked slopes, in the crevices

of the rock, and among the decomposing boulders, many plants are

spread which in the first grand view of the region make little appeal

to the eye. As already seen, 21 alpine plants are, so far as known,

found south of the St. Lawrence only on the serpentine of Mt. Albert.

Other species whose identity is still in doubt carry the number of these

distinctive plants well toward forty. Several species also (32), un-

known upon the strongly calcareous cliffs and mountains, but abound-

ing on the slopes characterized by potassic rocks —Bctula glandidoM,

Empetrum nigrum, Rhododendron lappomcum, Vacdnium uliginonim,

etCi —are equally abundant on the serpentine; 6 others, —Selar/inella

sefaginoides, Cerastium arvense, Armaria rerun, var. propinqua, etc.,

—

are common to the limy rocks and the serpentine; and 12 species are

found growing in many stations upon all three groups of mountains.

It is, however, important to note that, while the coniferous trees occur

as luxuriant forest upon the north slope of Mt. Albert nearly to the

summit, reaching an altitude of 3300 feet (1000 meters), and form

extensive forests on the high tableland at 3500 to 4000 feet (1050 to

1215 meters) of Table-top Mt.; they are on the serpentine of Mt.

Albert only as scattered and uncharacteristic dwarf trees and shrubs,

and no forest of appreciable character is seen in the area above the

level of Ruisseau a la Neige at an altitude of about 1900 feet (570

meters), where the forest consists of meagre and valueless Bog Spruce

(Picea mariana). In its meagre appearance the Bog Spruce on the

serpentine of Mt. Albert is paralleled by Rhododendron lapponicum,

Vaccinium idiginosum, Ledum groerUandicum, and other species,

which, having their great development on potassic rocks, are on the

serpentine of Mt. Albert very dwarfed and of a starved aspect. The

more distinctive plants of the mountain, however,— - 1 diantu m pedatum,

var. aleutieitm, Polystvchum scopulinum, Festuca altaica, Lychnis

alpina, Armaria arctica, Statice sibirica, Artemisia borealia, etc.—

are, especially in damp hollows or along water-courses, luxuriant to a

surprising degree; the stipes of the Adiantum often exceeding a foot

in length, the fronds of the Polystichum eighteen inches long, the

handsome clumps of Festuca with culms two to three feet high, and

Artemisia borealis, ordinarily only a few inches high, attaining in its

var. Wormskioldii a height of twelve or fifteen inches, with wand-like

inflorescences eight inches in length. From these observations it is

concluded that, of the large group of plants which abound upon the
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potassic rocks, a few are able to grow, under protest as it were, upon

the stronglv magnesian soil of Mt. Albert; but that another group of

plants, unknown upon our granitic, gneissic, and schistose mountains

or on the stronglv calcareous mountains and cliffs, are not only re-

stricted to the strongly magnesian rocks, but there attain a normal

and often a luxuriant development. 1

It will be remembered that on the northern edge of Mt. Albert

(Group la) two groups of plants are found; some species ordinarily

confined to the potassic rocks (feldspathic or micaceous), others gen-

erally known only from the strongly calcareous soils. Different sec-

tions of the northern and eastern slopes of the mountain examined

by Mr. Low showed the rock of the upper or subalpine and alpine

district to be chiefly hornblende-schist and amphibolite, with occa-

sional large areas of impure limestone, chloride slates and schists; and

gneiss, made up chieflv of orthoclase (potash-feldspar) and hornblende; 2

and as indicated by rock-specimens kindly examined microscopically

I It is interesting, in view of the great abundance on the serpentine of Mt. Albert of

Cmu*£mSo note that in 18S7 Drs. Hollick and Britton called attention to the

fact that on Staten Island C. arvense, var. oblon^oUum "grows abundantly at many

places on the serpentine hills, and in no other parts of the Island"; and that an analyse

of the ash of the Staten Island plant showed it to contain

"Silica (br0
2

) „, s
Alumina and Oxide of Iron (Al,

3
and Fe

2
O

s )
l»*B

Lime (CaO) 19 79"
Magnesia (MgO)

See Hollick & Britton, Bull. Torr. CI. xiv. 45-50 (1887).

This is a remarkable amount of magnesia to be present in a plant the average p ants

of mixed soils deriving from the soil much less magnesia (See Dana, Man. ed. 4 74).

"s a xi plant, Cerastium arvense is rare in Maine, only one station, on the rocks

befween Cap' Cottage and the light-house at Cape Elizabeth being known P^mal y

to he writer- and/according to Hitchcock "Cape Elizabeth is largely composed ol

rdcose sch s t hydrous silicate of magnesium]"- C. H. Hitch-,,,!,. Agr. and Geol. M,..

Ser 2 186 P 162 (1861). It will be noticed that in the tables of distribution Cerastium

™Vis en ered'in Group I only from the eastern coast of Maine The stations are

iZ the Duck Islands, etc.. and it is not improbable that the plant is there on magnesian

oh for Hitchcock records take* schist and serpentine as largely presen along the

coast of Penobscot Bay and on some of the neighboring islands. (Hitchcock, 1. c,

16
Seve?ai other plants of low altitudes have been recorded as occurring primarily on

magnesit soi" bu! as yet such data in regard to North American plants is unfortunately

rare

In Europe, two much-discussed ferns, Asplenium culultcrinum Milde and A. ^w»tu

morvm «ibsp terpentini (Tausch) Heufler, are clearly demonstrated to grow onl> on

rpe tin a d on that rock to take the places respectively of A. viride, which prefers

Taca eons rocks, and .4 . Adiantum nigrum (typical), which is commonly on sihcious sod.

For discussion see Lnerssen, Fampfl.165-184. 275-281 (1889). also Schimper, Pflanzen-

C.eogr. 103. 104 (1898).
,, ao ,s

\ Low. Geol. Surv. Can., Rep. for 1882-83-84, pt. F. 17, 18 (1884).
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for the writer by Mr. H. N. Eaton, the amphibolite of the northern
slope shows, besides hornblende and talc (a silicate of magnesium),
calcite (carbonate of lime) and a lime-soda feldspar. 1 In the
soil of this slope, then, potassium and calcium are found in such
proportion, apparently, as to account for the presence of a few species

each of the plants (24 of the potassic rocks, 11 of the calcareous)

which ordinarily are found only on soils high in one or the other of

these two elements.

But the chief interest of the north slope of Mt. Albert is in the fact

that by far the most abundant mineral in the rocks is hornblende,

which has as its principal constituents silica, magnesia, protoxide of

iron, and lime. 2 Yet, so far as observed, none of the distinctive plants

of the serpentine (magnesian) area of Mt. Albert extend across to the

hornblende (also magnesian) area. This is obviously due to the

hardness and slow decomposition of the hornblende as opposed to

the softness and rapid decomposition of the serpentine, but detailed

chemical analyses of the soils and plant-ashes, now under way, by Mr.
II. H. Bartlett, will, when completed, furnish more satisfactory conclu-

sions as to the exact conditions. Similarly, many questions somewhat
outside the intended scope of the present preliminary paper have
presented themselves for solution, but before they can be appropriately

discussed they must await more detailed field-study and the com-
pletion of many chemical analyses.

The foregoing discussion, however, of the relation of our alpine

plants to the chief soil-constituents of the rocks upon which they
grow, establishes very conclusively the fact that the alpine plants

are much more dependent upon the chemical constituents of the soil

than has been generally supposed.

1 Mr. Eaton's analysis of this rock from the north crest of Mt. Albert is as follows:
"A heavy, black schistose rock containing hornblende and feldspar.
In thin section —a holocrystalline rock, composed of hornblende, plagioclase, and talc.
The hornblende constitutes the great bulk of the rock. It is very pleochoric —light

yellow, grass green, an< ] gree nish blue. Some crystals are idiomorphic, while others
are eaten into and show intergrowths with feldspar and calcite.

Feldspar is relatively abundant in allotriomorphie prisms. It is wholly plagioclase.
Twinning according to both the carUbad and albite laws is common. The albite stria-
tions make angles of 9, 19, and 36 degrees respectively on three crystals which were
tested; proving the species to have a range between a mixture of oligoclase and andesine,
through andesine, to basic labradorlte.

Talc occurs abundantly in irregular masses between the hornblende crystals, and seems
to lie a product of hornblende decomposition.

The rock is an amphibolite. "

2 Dana, Man. Geol. ed. 4, 67 (1894).
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Unfortunately, the data accompanying herbarium-specimens rarely

indicates anything of the soil-characters of the habitats of plants;

and, besides, these facts are not easily gained from extensive geological

maps. Yet, if we examine the sheets issued by the Geological Survey

of Canada, we shall find that in their range outside the areas specially

under consideration the plants which we have been discussing show

a selection of soils similar to that already pointed out. A few illustra-

tions will make this point more clear.

Empetrum nigrum, the Crow-berry or Curlew-berry, it will be

remembered, is one of the commonest plants of the granitic, gneissic,

and schistose mountains and eoastal rocks of northern New England,

Xew York, and eastern Canada. Outside of this area it abounds on

the eastern coast of Newfoundland, throughout the Labrador Penin-

sula, in Baffin Land and Greenland, and more or less across the Arctic;

"along the north shore of Lake Superior, and at Port Arthur. .

Thence it takes a northwesterly direction and is found in peat bogs,

on exposed rocks along lake shores, and on barren grounds to the

Pacific Ocean and Arctic Sea." 1 From the Arctic it extends south-

ward along the Coast Range to the region of Sitka; it is on the moun-

tains of southern British Columbia, and very locally at isolated alpine

or coastal stations southward. Many other characteristic plants of

the eastern potassic rocks —Loiseleuria procumbent, Vaccinium

uUginosum, V. Vitis-Idaea, var. minus, Rubtu Chamacmorus, etc.

—

follow essentially this distribution and are unknown or of the greatest

rarity along the Rocky Mountains. Others, however, such as Sib-

baldia procumbent, are on the highest peaks of the Rocky Mountain

system as well. Another group of these species is well represented

by Vaccinium ovali folium which, common on the potassic rocks of

Gaspe, is unknown in the Arctic regions and the Rocky Mountains;

but occurs from the Aleutian Islands to the mountains of Oregon,

also in northern Michigan and in Newfoundland and southern Labra-

dor. Still another group, represented by Armaria groenlandica, is

confined to Greenland, Labrador, the north shore of the St. Lawrence,

the summit of Table-top, the coast of Nova Scotia near Halifax, the

coast of Maine from the Mt. Desert region to the mouth of the Kenne-

bec, the mountain-summits of northern New England and New York,

a bleak granite slope below Middletown, Connecticut, and a few iso-

1 Macoun, Cat. Can. PI. i 458 (1886)
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lated summits to the highest peaks of the Carolinas. Various minor

modifications of these ranges might be given, but these are sufficient

to indicate the general distribution of these plants which in New Eng-

land, New York, and eastern Canada are confined to granite, gneiss,

and mica-schist.

Now, if we examine the lithological character of these areas in

which Empcirum nigrum, Sibhaldia procumbens, Vaccinium ovali fo-

lium, and Armaria groenlandica abound, we shall find that these

plants are commonly on potassic rocks. Thus, as shown by a geo-

logical map of Canada, the ancient Archaean area occupies nearly

the whole district from Labrador to Lake Superior and the Lake of

the Woods, its western boundary thence swinging northwestward to

Lake Winnipeg, westward and northward to Lake Athabasca, Great

Slave Lake, and then north to the Arctic. 1 This great area is primarily

of gneiss, granites and mica-schist, rocks, it will be remembered,

which are markedly potassic; and the area of its great development,

it will be noted, is strikingly coincident with the general range assigned

by Professor Macoun to Empctrum nigrum, a plant which in Labrador

is reported by Low as "abundant throughout the semi-barren and bar-

ren regions of the peninsula, growing freely on the coast and inland," 2

and by Delabarre as "the most abundant phenogamons plant of

Labrador." 3 Empctrum, it will be remembered, extends along the

Coast Range from the Arctic to the region of Sitka, and locally south-

ward. It is also on the mountains of southern British Columbia,

but absent from 'the general Rocky Mountain area. When we again

examine the geological map of Canada, we find that the entire Coast

Range is designated as "Coast Granite," and that most of the southern

part of British Columbia (immediately north of Washington) is grani-

tic. Similarly, in the Rocky Mountains, where Sibbaldia procum-

bens and some other plants of these potassic rocks occur, the Archaean

rocks form the "backbone" of the mountains; and in northern Michi-

gan, where J'acciniuvi ovalifoiium is found, and along the crests of.

the Alleghanies, where Arenaria groenlandica occurs, we have iso-

lated southern extensions of the great Archaean axis which is best

developed from Labrador to Lake Superior and northwestward. 4

1 The boundaries of this Archaean V-shaped mass are very distinctly shown in Dana's
Manual, ed. 4, fig. 494. Note there also the isolated areas of Archaean.

2 Low, Geol. Surv. Can., Ann. Rep. n. S., viii. pt. L. 40 (1896).
3 Delabarre, Bull. Geogr. Soc, Phil. iii. 190 (1902).
4 See Dana, 1. c.
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Furthermore, in the Maritime Provinces of Canada in which we know

only a single station for Armaria gwcnlandica (on rocks near Halifax),

granite is of only occasional occurrence; in fact it is quite unknown

on the coast between Nova Scotia and the north shore of the St. Law-

rence. In Nova Scotia, however, there are some isolated gramtic

areas, one of the largest extending from Halifax Harbor to Margaret's

Bay, 1 the onlv coastal station for Armaria gwenlandica in Canada

south of the St. Lawrence. Likewise, at the only station in Connecti-

cut for Arenaria gwenlandica, the plant is said by its discoverer to

grow "on bleak granite rocks below the city [Middletown]. "
2

'

When, however, we examine the broad range of plants which in

New England and eastern Canada are confined to strongly calcareous

rocks we find that they have a distribution quite different in some

details from those just examined. The range of Dryas Dmmmondn

—on the limy rocks and gravels of the Gaspe Peninsula, on Anti-

costi, and generally along the rivers of the Canadian Rockies— has

been noted. Many other plants show a similar range. Now, as

indicated on the recent geological map of western Canada, the general

area occupied by the Canadian Rocky Mountains is called Palaeozoic,

a general classification to cover much of the area indicated on a pre-

vious map merelv as "limestone"; and in his Journal of a Boat

Voyage through Rupert's Land and the Arctic Sea, Sir John Richard-

son mentions Dryas Drummondii, Hedysarum horeak, Elaeagnus

argentea, Shepherdia canadensis, and several other plants of our

calcareous cliffs and gravels as abounding on the limestones of the

Mackenzie River. 3 Other plants of our limestone mountains and

cliffs occur at somewhat scattered stations in Newfoundland, Labra-

dor, and Arctic America; and a few of the plants, which south of the

St. Lawrence are confined to the magnesian soils of Mt. Albert, are

also known at isolated points from Newfoundland northward.

In order to test, so far as it is possible to do so without more accurate

i See Geological map of Nova Scotia, New Brunswick and Prince Edward Island, by

J. W. Dawson, in Acadian Geology (1878).

!H L. Osborn in letter to Asa Gray, May 17, 1878.

3 "The dogwood, silverv opulaster (Elaeagnus argentea), Shepherdia, and Amclanchier

grow on banks that in Europe would be covered with gorse and broom, and the southern

Salix Candida is replaced by the more luxuriant and much handsomer Salix speaosu,

which is the prince of the willow family. The Hedysarum Mackenzie and boreale flower

freely among the boulders that cover the clayey beaches; while the showy yellow

flowers and handsome foliage of the Dryas Drummondii cover the limestone debris. —
Richardson, Arct. Searching Exped. 123 (1852).
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data than exists upon herbarium-labels, the conclusions above reached,

the writer has listed all the stations known to him, either from speci-

mens or authentic reports, in arctic and subarctic British America,

for fifteen of the more typical plants of the alpine districts of New
England, New York and eastern Canada. In this work he has been

greatly assisted by the map of Arctic British America and the accom-
panying notes published by Dr. G. M. Dawson.* In order to make
the test more valuable the fifteen plants whose ranges were thus

studied were selected equally from those of the three groups above

tabulated. All together 55 stations or definite regions for these fifteen

plants have been found. Of these, 7 are either not indicated on avail-

able maps or are too vaguely stated on the labels to be of service.

The remaining 48 stations are listed in the following tabulation, and
in each case the rock of the region, which could furnish the soil-ele-

ments for which the plants show distinct preferences in New York,
New England, and eastern Canada, is noted.

Table III.

Showing the known Stations or Regions, from Newfound-
land to Arctic British America, for 15 Alpine Plants of
New York, New England and eastern Canada.

Group I ( Plants which, south of the St. Lawrence, are
controlled in their Distribution by a Preponderance
of Potassium in the Soil.)

Stations, and Rocks of the Region from which Potassic
Soils could be derived.

Cape Ray and Channel to White Ray. Newfoundland (Ar-
chaean l

)

Despair Ray to Fogo Island, etc., Newfoundland (Archaean x

)

Southeastern Newfoundland (Archaean l

)

Raie Ste. Claire, Pointe-Ouest, etc., Anticosti (granite, gneiss 2

)

North shore of St. Lawrence from Cap a l'Aigle to Bradore
Ray, Quebec (granite, gneiss 3

)

Red Ray, Labrador (gneiss *)

Sandwich Bay, Labrador (syenite 5
)

'

St. Lewis Inlet, Labrador (syenite, gneiss •)

1
:

—
q
rf
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* Geol. and Nat. Hbt. Snrv. Can.. Ann. Rep, n. s., ii. pt. R (1887).
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TABLE III —continued.

Group I (Plants which, south of the St. Lawrence, are

controlled in their Distribution by a Preponderance

of Potassium in the Soil.)

Stations, and Rocks of the Region from which Potassic

Soils could be derived.

J 5 2

« \o < 3

Seal Island, Labrador (gneiss 7
)

Webeck Harbor, Labrador (gneiss, syenite 8
)

Hopedale, Labrador (gneiss, granite 9
)

Paul's Island, Labrador (gneiss 10
)

Nain, Labrador (gneiss ")

Hebron. Labrador (gneiss l2
)

Ungava Bav, Cape Chudleigh, Labrador (gneiss 13
) ...

Cumberland Sound, Baffin Land (gneiss, granite 14
) ...

Nottingham Island. Hudson Strait (gneiss, syenite l5
) . .

Cape Prince of Wales and Ashe's Inlet, or North Bluff, Hud-
son Strait (gneiss 16

j

Richmond Gulf, Ungava (feldspathic argillite, gneiss, etc.
17

)

Great Whale River, Ungava (gneiss 18
)

Lake Mistassini, North East Territory (gneiss 19
) . . . .

Fort Churchill, Hudson Bay (felspathic arkose, etc.
20

) . . .

Chesterfield Inlet, Hudson Bay (granite, gneiss 21
) . . . .

Great Bear Lake, Mackenzie (granite, gneiss 22
)

Fort Resolution, Great Slave Lake, Mackenzie (granite 23
) .

Athabasca Plains, Athabasca (granite and gneiss 2i
) . . .

+
+

+ +
+
+ +
+
+ +
+
+

+ + +

V
+

+ +

+
+
+
+ +

1 Dana indicates a "central Newfoundland range" of Archaean, and "two other

ranges farther east," the only one shown on his map running from Despair Hay north-

eastward to Fogo Island region. On Logan's map in the Atlas accompanying the Geol-

ogy of Canada (1863) the southeastern district of Newfoundland is also indicated as

chiefly Archaean.
2 "Cette soi-disant foret sur laquelle on marche. . . se trouve en quelques endroites

de la cote, comme h la Pointe-Ouest, par example. La, la vegetation se presente, en

effet, sous 1' aspect d' nn tapis serre de plantes basses (Ardostaphylos Uva-Ursi, Vacci-

nium Vitis-Idaea, Vaccinium pennsylvanicum, Ribes oxyaainthoides, Empetrum nigrum,

etc.), faring en outre de tous petits sapins et d'epicfias tourmentfe. . . . Cette. plateforme

nous montre ici une succession de lits minces de calcaires argileux le plus souvent peu

fossiliferes. Notre promenade ayant lieu pendant la basse mer, nous rencontrons des

blocs erratiques, parfois nombreux et grouped dans de petites anses, parfois isolfis, ca et

15,, et sur lesquels nous reviendrons a propos de la pgriode quaternaire. Presque tous

ces blocs sont forme de roches cristallines (granit, gneiss, anorthosite, etc.)" —Schmitt,

Monographie de 1' He d' Anticosti, 11, 70 (1904).

3 "With the exception of a narrow border of Silurian strata on the Strait of Belle Isle,

another at the mouth of the Mingan River, and a third near the Seven Islands, with the

addition of two narrow Silurian strips running a few miles up the Murray River and the

Gouffre, the north shore of the St. Lawrence is the southern boundary of this ancient

series of deposits [Laurentian, chiefly granites and gneisses] from Labrador to Cape

Tourmente" —Logan, Geol. Can. 47 (1863).
4 " Looking up through the bays and harbors we can see the low conical hills of Lau-

rentian gneiss" —Packard, Lab. Coast, 281 (1891).
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s " The Laurentian rocks [at Sandwich Bay] rise into high, rugged, and broken syenitic

hummocks."— Packard, 1. c. 281 (1891).

6 "We pass St. Lewis Bay . . . .with its north shore evidently syenitic. . . .the headlands

of syenite probably extend out from the gneiss mainland." —Packard, 1. C. 137 (1891).

7 "At Seal Island the 'Domino gneiss' of Lieber appears, protected seaward by high

islands intermixed with low gneiss ' skiers'." —Packard, 1. c. 158 (1901).

8 "Cape Webuc or Harrison, which is a lofty gneiss headland, faced with syenite."

—

Packard, 1. c. 181 (1901).

8 "The island on which Hopedale is situated is of the ordinary Laurentian gneiss

which behind the mission house is curiously contorted; it is fine-grained, distinctly

banded, with veins of quartz and of granite." —Packard, 1. c. 206 (1901).

10 "On going ashore at Ford's Harbour [Paul's Island], I found the gneiss to consist

of common reddish and greyish varieties." —Bell, Geol. and Nat. Hist. Surv. Can., Rep.

of Progr. for 1882-83-84, p. 11 DD (1884).

H " The rock here [Nain] consists of a rather light grey gneiss." —Bell, 1. c. 12 DD.
12 "At this mission station [Hebron], the rocks were examined and found to be common

biotite gneiss and amphibolites, intersected by trap dykes." —Daly, Bull. Mus. Comp.

Zool., Harvard, Geol. Ber. V. no. 5. 216 (1902).

U "The rock everywhere [Ungava Bay at Port Burwell] consists of ordinary varieties

of gneiss."— Bell, 1. c. 18 DD (1901).

14 "Dr. Boas describe! tin- nucleus of the mountain masses [Baffin Land] as every-

where gneiss and granite." —G. M Dawson, Geol Surv. Can.. Ann. Rep. n. s. ii. 40 K

(1887).
is "I explored the country [Xottingham Island] to a distance of about three miles in

various directions from our anchorage, and found the rocks to consist of common varieties

of gneiss, the only exception noticed being patches of a fine-grained red syenite on both

sides of the inlet." —Bell, 1. c. 28 DD (1901).

10 "The rocks on the west side of Ashe's Inlet consist of dark grey gneiss, composed

principally of quartz and felspar in even beds. . . The rocks in the vicinity of the baj

[Stupart's Bay, Prince of Wales Sound] were found to consist entirely of Laurentian

gneiss."— Bell, 1. c. 21, 25, DD (1901).

1 7 "It [Richmond Gulf] is surrounded by high hills. On the west, sharp cliffs, formed

by the broken faces of the Manitonieck rocks [felspathic argillites], which dip toward

the sea, rise in places twelve hundred feet above the water. The south and east sides

are bounded by lower rounded hills of Laurentian and Huronian rocks." —Low, Geol.

Surv. Can., Ann. Rep. n. I., iii. 55 J (1888).

18 "At the fifteen foot chute [Great Whale River] the rock is similar to the last, and

from here to the mouth of the river all the exposures examined were made up of red

and grey hornblende orthoclase gneiss, the red predominating." —Low, 1. c. 54 J (1888).

lfl "The greater part of the shore-line here [west side of Lake Mistassini] being formed

of gneiss, perpendicular faces arc wanting." —Low, 1. c. viii. 68 L (1896).

ai "The rock [at Port Churchill] is a greenish-gray even-grained, false-bedded, felspathic

arkose sandstone." —Tyrrell, Geol. Surv. Can., Ann. Rep. n. s. ix. 90 F (1897 '.

21 "Granites and gneisses occur along the north shore of Baker Lake, and down both

shores of Chesterfield Inlet to its mouth."— Tyrrell, 1. c. ix. 169 F (1897).

22 "The rocks of the southeast extremity of McTavish Bay [southeastern arm of

Qreal Hear Lake] are described as red granites and gneisses." —G. ftf. Dawson, 1. c. 19.

* " "Near the easternmost [channel of Slave River], which is named John's River

(Riviere a Jean), is Stony Island, a naked mass of granite, rising fifty or sixty feet above

the water; and beyond that, to the eastward, the banks of the lake [Great Slave Lake]

are wholly primitive." —Richardson, Arct. Searching Exped. 97 (1852).

2-t "They [Laurentian rocks] occupy most of the northern shores of Athabasca and

Black Lakes. Throughout the greater portion of the area, the rock consists of light

reddish-gray hornblende-granite, and biotite-granite or granitoid gneiss." —Tyrrell,

1. c. viii. 16 D (1896).

"In the second or barren ground district, in places where the soil is formed of the

coarse sandy debris of granite. . . .Rhododendron lapponicum, Katmia glaum [poll folia],

Vaccinium uliginositm, Empetrum nigrum. Ledum pahistre, Arbutua [Ardottmpkylot] Vva

ursi, Andromeda [Catsiope] tetragona, and several depressed or creeping willows, lie

close to the soil." —Richardson, 1. c. 416 (1852).



1907] Fern aid, —Soil Preferences of Alpine Plants 183

TABLE III

—

continued.

Group II (Plants which, south of the St. Lawrence, are

controlled in their Distribution by a Preponderance
of Calcium in the Soil.)

Stations, and Rocks of the Region from which Calcareous

Soils could be derived.

« " ° —

'

5 9" T! r

i be £

G S

Bay of Islands to Cape Norman, Newfoundland (limestone 1

)

Anticosti (limestone )

Mingan Islands, Quebec (limestone 3
)

Forteau Bay, Labrador (limestone 4
)

•
. .

Chateau Bay, Labrador (basalt, trap 5
)

Battle Harbor, Labrador (trap, etc.? 6
)

Indian Harbor, Labrador (doleritic trap containing labra-
dorite 7

)

Hopedale, Labrador (doleritic trap, labradorite 8
) . . . .

Paul's Island and Main, Labrador (labradorite, gabbro,
anorthosite e

)

Kaumajet Mts., Okkak to Cape Mugford, Labrador (diabase,
limestone 10

) .

Torngat Mts., Hebron to Nachvak Bay, Labrador (diabase,
limestone, calcspar n

)

Ungava Bay, Cape Chudleigh.Labrador(dolomite, limestone 12
)

Grinnell Land (limestone 13
)

Cape Sabine, Smith Sound (limestone i3
)

Jones Sound, Ellesmere Land (limestone 14
)

Cumberland Sound. Baffin Land (Middle Laurentian rocks? 15
)

Cape Prince of Wales and Ashe's Inlet, or North Bluff, Hud-
son Strait (dolomite, limestones, calcspar l6

)

Mansfield Island, Hudson Bay (limestone l7
)

Foot of James Bay, Moose Factory to Rupert House (lime-
stone 18

)

Fort Churchill, Hudson Bay (limestones 18
)

Melville Island (limestone, calcareous sandstone 20
) ...

Fort Good Hope, Mackenzie River (limestone 21
) . . . .

Great Slave Lake, Mackenzie (limestone 22
)

+ ' +

+

+
+
+

f +
+

+
+ +

+ + +,+
+ +
+ +
+ +

+ :+
+ ,+

+

i "On the opposite side [of the Strait of Belle Isle], the shore of Newfoundland is

occupied by a series of limestones, apparently of Calciferous age. . . .they stretch along
the coast for upwards of a hundred miles." —Logan, Geol. Can. 288 (1863).

These and other limestones are traced in succeeding pages and shown in the accom-
panying Atlas southward to Bay St. George.

2 Anticosti Island is composed of Silurian rocks, chiefly limestones, which are dis-

cussed in detail in Logan's Geology of Canada, Chapters X and xii. See also Schmitt,
Monographie de 1' He d' Anticosti, 65-99 (1904). In view of a very general impression
that Sphagnum does not occur in calcareous regions and of its abundance In certain
marly bogs of Gaspg Co., Quebec (see Rhodora, vii. 8), it is interesting to note the state-
ment of Sir William Logan that "the most extensive peat deposits in Canada are found
on Anticosti. Along the low lands on the south coast of the island, from Heath Point to
within eight or nine miles of Southwest Point, a continuous plain covered with peat
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extend* for upwards of eighty mlle«, with an average breadth of two miles; thus giving

a superficies of more than one hundred and sixty square miles. The thickness of the

peat as observed on the coast, was from three to ten feet."— Logan, 1. c. 783, 784 (1863).

3 "It is not until reaching the Mingan Islands, between 500 and 600 miles to the north-

eastward that we have auv of its [Calciferous formation] characteristic fossils. ...At

the Mingan Islands and on the neighboring coast, there appears an interesting extension

of this formation extending from Mingan River to Bte. Genevieve Island, a distance

of about forty-five miles. It occupies the inner range of islands and most of the

coast.'— Logan, 1. C 119 (1863).

* "Between this exposure [Mingan Islands] and Bradore Bay, the distance is about

300 miles. The shore, which is very much indented by bays and inlets, and fringed

with a multitude of islands, presents an almost continuous line of hare rock; but in

no part of it have there been observed any strata, but such as belong to the Lauren-

tian series. On the east side of Bradore Bay, which is situated near to the entrance to

the Straits of Belle Isle from the Gulf of St. Lawrence, the palaeozoic rocks again present

themselves Resting on the Laurentian gneiss, they run along the north coast for

nearly eighty miles, with a breadth of probably ten or twelve miles. . .
On the strike,

these yellow-weathering limestones pass in some parts into grey, compact, pure lime-

stone.'. . In Forteau Bay, the whole mass appears to be more or less f ossiferous."—

Logan, 1. c. 287, 288 (1863).

s "At Henley Harbor [Chateau Bay] is a system of trap-rocks. . .
These rocks consist

of three masses of columnar basalt, capping the syenitic gneiss. It is a hard, fine, com-

pact dolerite West of these basaltic rocks, on the opposite side of the harbor, is a

large trap overflow forming a hill over three hundred feet high."— Packard, Lab. Coast,

285, 286 (1891).

« I am unable to find any specific statement in regard to Battle Harbor, which is

situated between Chateau Bay (5) and the great anorthosite area of St.Michael Bay.

I "
\t Indian Harbor these same rocks ['Domino Gneisses

-

] appear. . .
.Invariably

accompanying these rocks is a doleritic trap of a peculiar mineralogical character.
. .

.

It is composed of large crystalline masses of hypersthene and labradorite [a lime-soda

feldspar]"— Packard, 1. c. 288, 289 (1891).

s "About an hour before we reached Hopedale. we passed a high sugar-loaf-shaped

island 'The Beacon' .... The rock was evidently that variety of syenite containing

labradorite [a lime-soda feldspar] and green hornblende."— Packard, 1. c. 197. Trap

dykes (doleritic) like those at Chateau Bay were seen at Hopedale, "in places like slightly

winding stairs or steps descending to the water's edge, justifying the term trap applied

to this rock, which is from the Swedish trappa, meaning a series of steps or stairs."—

Packard, 1. c, 206, 286 (1891).

» "The Hopedale gneiss underlies the eastern end of Paul's Island, but a few miles

west of Ford Harbor, it comes in contact with the famous anorthosite [a lime feldspar]

anil allied gabbro whence is derived the s.hillerizing labradorite. . .
The 'Brave' was

headed for Nain, passing through a long tickle walled In on either side by high cliffs of

massive gabbro for fifteen miles. . . all the mainland visible thereabouts la composed

of the gabbro."— Daly, Bull. Mus. Comp. Zool., Harvard, Geol. Ser. v. no. 5, 216-218

(1902). ... ,

a \t Mugford, "next above the light colored zone of the schists comes a series of black

slates fifty to one hundred feet thick, indurated at the contact by a conformable three

hundred-foot sheet of apparently intrusive diabase [containing labradorite] .... On

Ogua'lik at the southwest end of the Tickle, the gneisses are overlain by an intrusive

sheet of diabase, about fifty feet in thickness, upon which are piled slates, quartzites,

limestones, and sandstones with interbedded traps."— Daly, 1. c. 220, 221 (1902).

n Daly (1. c. 225. 226) discloses the sedimentary and intrusive rocks of this range,

which are similar to I hose of the Kaumajet Mts. See also Bell, Geol. and Nat. Hist.

Surv. Can., Rep. for 1882-83-84, 15 DD. etc. (1884).

"On the west shore of the first cove, from the entrance, on the south side of Nachvak

inlet, the rocks consist of a coarse-grained slaty tufa or breccia. to the south of it is a

coarse grey mica schist In this rock, and near the slaty breccia, a vein of quartz

was found, from a foot to two feet in thickness, and holding patches of brown-weather-

ing calcspar."— Bell, 1. C 15, 16 (1884).
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12 "A short distance south of the station, a vein, varying from 8 to 13 inches in width,

occurs in the gneiss. ... It consists of light grey dolomite [calcium-magnesium carbonate]

and white quartz . . .Fragments of grey, drab and yellowish limestone, with obscure

fossils, were commonaround the base of the hill." —Bell, 1. c. 18, 19 (1884).

13 Dr. G. M. Dawson, quoting from a paper of Fielden and De Ranee, says: "A lime-

stone formation, resembling that elsewhere so widely spread in the Arctic regions, is

described as characterizing considerable tracts on both the east and west sides of Kennedy

Channel and Smith's Sound. .. .Carboniferous limestones were recognized In several

places along the north coast of Grinnell Land. . . .'There would also appear to be a

strong likelihood that the limestone continues in a southeasterly direction by way of

these mountains [the United States range] across the whole of Grinnell Land'." —G. M.

Dawson, Ann. Rep. Geol. Surv. Can., n. s., II. 51, 52 R (1887).

u As indicated by Dawson little is known of the rocks of Ellesmere Land. The "Cape
Rawson Beds "[containing limestones], however, are known there.

15 "The southern part of Baffin Land, including Frobisher Bay and Cumberland

Sound together with Melville Peninsula, may be particularly referred to as evidently

exhibiting a considerable development of Middle Laurentian rocks [including crystal-

line limestones]." —Dawson, 1. c. 7.

Ie "Among the prevailing gneiss boulders, scattered on the hills and plains, were

found several of grey dolomite. . . A small piece of greyish crystalline limestone was

picked up near Ashe's Inlet . . . .Here [Eskimo Inlet, Prince of Wales Sound] I found a

good many boulders of grey and yellowish limestone on the beach. . . .One of the veins

of white quartz in this locality contains purplish red calcspar, . . .
.resembling some of

the banded crystalline limestones of the Laurentian series." —Bell, 1. c. 22-27.

17 "We arrived at the eastern part of Mansfield Island, about mid-way down, on the

morning of the 30th of August. Its even outline presented a remarkable contrast to

the shores of Hudson's Strait. It resembled a gigantic ridge of gravel; but stratified

rocks, in low horizontal ledges, appeared bere and there, through the debris, at different

levels. . . I landed at a point about the middle of the eastern shore of the island, and

found the shore very flat, with shallow water for a considerable distance out. The

rock proved to be a fossiliferous grey limestone, in rather thin horizontal beds."

—

Bell, 1. c. 33.

U "To the west and south it [shore at foot of James Bay] is almost flat, with its soil

overlying nearly horizontal beds of Silurian and Devonian limestones for about one

bundled and fifty miles inland to the Archaean country." —Low, Ann. Rep. Geol. Surv.

Can., n. s. hi. 16 J (1888).

u " In a fissure [at Port Churchill] ... .is, or was, a small outlier of an unaltered Cambro-

Silurian limestone. . . .With the above are associated some fragments of white Silurian

limestone. . . In and around the old fort at the mouth of the river, are many boulders

of heavier-bedded Trenton limestone." —Tyrrell, Ann. Rep. Geol. Surv. Can., n. s. ix.

91 F (1897)
20 "The surface of it [Table-hill, Melville Island] consists generally of sand, on which

are lying numerous masses of limestone. . . .We had passed, during our last march, a

good deal of rich soil... and the sorrel and saxifrage {Saxifraga oppositifolia) were

more abundant than before On the north side of this ravine large masses of sand-

stone were lying on the surface of the ground, . . . .and we remarked on this, and several

other occasions, that the stones which were bruised by the wheels emitted a strong

odor, like that of fetid limestone when broken."— Parry, First Voyage, Journal, 177,

184-85 (1821).
si "At night we camped not far from the Old Fort [Good Hope]. The shale, sand-

stone, and limestone beds, continue throughout the space intervening between the

former and present sites of Fort Good Hope." —Richardson, Arct. Searching Exped.,

135 (1852).
22 "In the vicinity of the westernmost channel of the delta [of Slave River] and from

thence to the efflux of the Mackenzie, the whole southern shore of the lake is limestone "

<— Richardson, 1. c. 97.
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TABLE UI—continued.
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Group III (Plants which, south of the St. Lawrence,

are controlled In their Distribution by a Preponder-

ance of Magnesium in the Soil.)

Stations, and Rocks of the Region from which Magnestan

Soils could be derived.

Cord River, Newfoundland (serpentine l
)

Hopedale Islands. Labrador (trap -)

Paul's Island, Labrador (gabbro, pyroxene ')

Nain, Labrador (gabbro *) .

Kaumajet Bits., Okkak to Cape Mugford. Labrador (basalt,

lavas 4
) . .

Torngat Alts., Hebron to Nachvak Bay, Labrador (black

diorite, soapstone 5
)

TJngava Bay, Cape Chudleigh, Labrador (dolomite") . . .

Cape Prince of Wales and Ashe's Inlet, or North Bluff, Hud-
son Strait (dolomite, black inica, soapstone 7

)

Nottingham Island, Hudson Strait (dolomite 8
) ....

1 On Bonne Bay, "there rises to a height of between 2000 and 3000 feet, a mountain of

serpentine." —Logan, Geol. Can. 293 (1868). These serpentine mountains, as shown

on the geological map of Canada, are greatly developed southward to Port au Port Bay,

Coal River lias its origin upon one of them, and its lower waters flow through another

of the serpentine areas-

2 "Trap dykes were always in the view [Islands off Hopedale]." —Daly, Bull. Mils.

Comp. Zool., Harvard, Geol. Ser. v. no. .5, p. 216 (1902).

3 "The 'Brave' was headed for Nain, passing through a long tickle walled In on either

side by high cliffs of massive gabbro."— Daly, 1. C. 217. "When at Nain I obtained

specimens of.. . .paulite, a variety of pyroxene or hypersthene [a silicate of magnesium],

which. was said to have been brought from Paul's Island." —Bell, Geol. & Nat. Hist.

BUTV. Can.. Rep. for 1882-83-S4, p. 12 DD (1884).

'"The basalt [containing crysolite. a silicate of magnesium] agglomerate, which is

also a significant part of the stratified series, is typical." —Daly, 1. c. 221.

"Ogua'lik, Cape Mugford, the Bishop's Mitre are all pan of an extensive area of slates,

sandstones, conglomerates, limestones, and, much surpassing these in thickness, lava

Hows, volcanic tufts, and breccias." —Daly, Bull. Geogr. Soc. Phila. iii. 208 (1902).

•'"Some dykes of close-grained, almost black diorite [black diorite usually contains

much augite, a silicate of magnesium], also cut the gneiss In the vicinity of Skynner's

Cove.... I was informed that the Eskimo obtained a kind of soapstone [a hydrous

silicate of magnesium] for making their pots in the vicinity of Skynner's Cove....

dykes [of black-looking rock] were seen all along, cutting the lace of the mountain range."

—Bell, 1. c. 15 DD.
« "A short distance south of the station [at Port Burwell, Cape Chudleigh], a vein. . . .

occurs in the gneiss. ...It consists of light grey dolomite [magnesian limestone] and

white quartz" —Bell, I. c. 18 DD.
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7 "Scattered on the hills and plains [near North Bluff, Hudson Strait], were several

[boulders] of grey dolomite. . . .and of the soft buff grey dolomite."— Bell, 1. c. 22 DD.
"On the west side of Ashe's Inlet. . . .some of them [veins] contain feldspar and black

mica, [magnesian]." —Bell, 1. c. 29 DD. "At Ashe's Inlet a party of Eskimo from the
eastward came on board." Among the rocks shown them "they recognized a rather
hard and inferior variety of soapstone," —Bell, 1. c. 21, 24, 25 D D.

s "At a projecting point. . . .1 found some straggling veins of hard grey dolomite." —
Bell. 1 c. 29 D D.

It is not, of course, possible from the inadequate data at hand to

say with certainty that in their arctic and subarctic distribution in

British America the fifteen plants just discussed are confined to or

even occur upon the soils which have respectively a preponderance

of potassium, calcium, or magnesium; but it is clear that in the north-

ern regions from which these plants are known soils are present similar

to those upon which the plants have their best development south of

the St. Lawrence. In their southern stations, however, it is apparent

that the plants of alpine situations here considered show in most cases

a pronounced selection of habitats dependent upon the relative abun-

dance in the soil of the three important food-elements, potassium,

calcium, and magnesium. A very similar selection of soils is shown

by many plants of low altitudes; in fact, it is possible thus to analyze

the distribution of the majority of Pteridophyta and Spermatophyta

of New England and eastern Canada. It is very generally known,

for instance, that many heaths (Kalmia, Rhododendron, Vaccinium,

etc.) occur primarily on potassic soils; and that they are rare or quite

unknown in extensive areas of limestone and can there be cultivated

with success only if provided with an imported soil free from the

abundant lime of the region. 1 Many other plants of low altitudes or

of temperate regions, Camptosorus rhizophyllus, Pellaea atropurpurea,

Car ex eburnea, etc., are best developed on if not confined to calcareous

rocks. These plants of low altitudes, Kalmia latifolia. Rhododendron

canadense (Rhodora),R. maximum, Vaccinium pennsylvanicum,Camp-

toionu, Pellaea atropurpurea, Carex eburnea, etc., restricted in their

best development to somewhat specialized soils and ordinarily absent

1 "Any open, well-drained soil which does not contain limestone or heavy clay and
has a moist and fresh subsoil will prove satisfactory [for Rhododendrons]. Where
limestone or heavy clay prevails, beds must be specially prepared and filled with suitable

soil."— A. Rehder, in Bailey, Cycl. Am. Hort. 1516, 1517 (1902).

"It is generally conceded that lime soils and manures containing lime .... are

injurious to Rhododendrons: in limestone regions it is undoubtedly advisable to sub-

stitute, for the natural soil, others which are free from this objectionable element." —B.

M. Watson in Bailey, 1. c. 1519.
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from certain others, occupy, in a general way, wide areas in eastern

America; and, though absent from certain localities, they may be

said to have a far more continuous range than the alpine species,

and the intervals between their more isolated outlying colonies are

not too great to be crossed by seeds and spores in the ordinary processes

of dispersal.

The alpine plants, on the other hand, are, as already noted, present

in OUT flora usually as small colonies isolated by hundreds or even

thousands of miles from the other known members of their species.

Dryas Drummondii, for example, one of the most abundant plants of

the Canadian Rockies, has its nearest known colonies 2000 miles away,

along the rivers of the ( Jaspe Peninsula and of Anticosti. Polygtichum

scopulinum, abundant on steep serpentine walls of Mt. Albert, GaspS,

is otherwise confined to mountains from Idaho to northern California,

at least 2200 miles away. Festuca aliaica, the commonest grass of

Mt. Albert, is otherwise known only from Yukon, 2700 miles to the

northwest, and from the mountains of Asia. Other species, though

very isolated in their occurrence, are found at one or more points

between our Xew England and Gaspe mountains and the north-

western portion of the continent. Among such is Vaccinium orali-

folimn whose range has been already stated. These plants, typical

of our alpine and subalpine species, often occur, then, in such isolated

areas that it is highly improbable that they should have reached their

known localities by ordinary dispersal of seeds and spores from one

of these areas directly to another. And, in view of the fact above

pointed out, of the restriction on adjacent alpine areas of most of our

alpine plants to prevailingly potassic, calcareous, or magnesian soils,

it is at first difficult to see how these extremely fastidious plants could

have grown in close association at the close of the glacial period, as

implied by the long-accepted theory of Forbes, which was greatly

extended by Darwin, Hooker, Gray, and others.

When, however, we take into account the character of some excep-

tional stations for these alpine plants at low altitudes or in less pro-

nouncedly cliff- or rock-habitats, we get a clue to the conditions

which they presumably found in their poleward march in the wake of

the receding ice-sheet. Throughout Xew England and adjacent

Canada and over much of the continent westward and northwestward

there are many cold meadows and bogs or muskeags in which the

conditions are such as to support many species which abound in alpine
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or high-northern regions. In hundreds of bogs of New England and

eastern Canada we find a few of the less markedly alpine plants such

as Carex pauciflora, Eriophorum cattitrix, Habenaria dihttata, An-

dromeda glaucophyUa, Ledum groerdandicum, etc., plants which are

typical of our sphagnons bogs and of the mountains composed of

potassic rocks. Certain bogs and meadows maintain floras of greater

variety and of very great interest, especially when we take into account

the alpine distribution exhibited by them. Caribou bog, in Crystal,

Maine, for instance, has, besides Drosera linearis, Betula pumila,

Loniccra obhngifolia, and many other plants of unusual occurrence

in New England, a few arctic-alpine species:

Rhododendron canadense (Group I)

Kalmia angustifolia (Groups I & III)

" polifolia (Groups I & III)

Andromeda glaucophyUa (Groups I

& III)

Menyanthes trifoliata (Group I)

Lobelia Kalmii (Group II)

Erigeron acris (Group II)

Eriophorum callitrix (Group I)

Carex vaginata (Group II)

" paupercula, var. irrigua (Groups

1 ft III)

" limosa (Groups I & III)

" pauciflora (Group I)

Tofieldia glutinosa (Group II)

Rhamnus alnifolia (Group II)

Ledum groenlandicum (Groups I ft

III)

Small bogs at the mouth of the Grand River, Gaspe Co., and simi-

lar but larger bogs at the mouth of the Bonaventure River, Bona-

venture Co., Quebec, situated in strongly calcareous regions, have a

notable series of arctic-alpine plants, of which the following are con-

spicuous :

Selaginella selaginoidcs (Groups II

& III)

Scirpus pauciflorus (Group II)

" caespitosus (Groups I & III,

and rarely II)

Rynchospora capillacea (Group II)

Carex vaginata (Group II)

" paupercula. var. irrigua (Groups

I ft III)

" limosa (Groups I ft III)

Juncus filiformis (Group I)

Tofieldia glutinosa (Group II)

Salix pseudo-rnyrsinitcs (Group II)

" balsamifera (Group I)

" pedicellaris (Group I)

Comandra livida (Groups I ft III)

Parnassia parviflora (Group II)

Rubus arcticus (Groups I ft III)

Potentilla palustris (Group I)

Empetrum nigrum (Groups I & III)

Rhamnus alnifolia (Group II)

Viola nephrophylla (Group II)

Ledum groenlandicum (Groups I &
III)

Andromeda glaucophyUa (Groups I

ft III)

Chamaedaphne calyculata (Groups

I & III)

Vaccinium canadense (Groups I &
HI)

" Yitis-Idaea. var. minus

(Groups I ft III)
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Vaccinium Oxycoccus (Groups I & Pinguicula vulgaris (Group II)

III) Louicera caerulea, var. villosa (Groups

Menyanthes trifoliata (Group I) I & III)

Euphrasia latifolia (Group II) Lobelia Kalmii (Group II)

A certain boggy meadow in a sag near the western edge of Table-

top Mt. is, perhaps, the most notable of these bog-areas. This

particular meadow, which lies southeast of the erest of the limy

northwestern escarpment upon whose cliffs are found many of the

plants of Group II, is so situated as to receive the drainage from

various directions. From the northwest the drainage is directly off

the calcareous slope and in part from a granitic slope; from -the

southwest comes a general seepage from a small area of serpentine;

and from the southward the drainage is off the edge of the great

granitic tableland. On account of the strong contrast between the

flora of this small meadow and the extensive meadows of the strictly

granitic district, the area was designated by Professor Collins and the

writer "the Calcareous Meadow," and it has been so indicated upon

many herbarium labels. Yet the flora of this notable meadow con-

tains many plants besides those of the calcareous alpine cliffs. The

detailed list of alpine plants there recorded includes the following:

Selaginella selaginoides (Groups II Betula glandulosa (Groups I <fc III)

& III)

Polystichum Lonchitis (Group II)

Phleum alpinum (Groups I & II)

Agrostis horealis (Groups I. II, &
HI)

Deschampsia atropurpurea (Group I)

Danthonia intermedia (Group III)

Scirpufl caespitosus (Groups, I, II,

& III)

Carex stellulata (Group I)

" derlexa (Group I)

" capillaris, var. elongata (Group

ID
" atrata, var. ovata (Groups I,

II. & III)

Juncus castaneus (Group II)

Habenaria dilatata (Groups I & III)

Salix vestita (Group II)

" Barclayi (Group II)

" pseudn-myrsinites (Group II)

" argyrocarpa (Group I)

" glauca (Group II)

" phylicifolia (Group I)

Alnus crispa (Groups I & II)

Comandra livida (Groups I & III)

Anemone parviflora (Group II)

Aral >is alpina (Group II)

Rubus arcticus (Groups I & III)

" triflorus (Groups I, II, & III)

Pyrola grandirlora (Group II)

Phyllodoce caerulea (Groups I & III)

Vaccinium uliginosum (Groups I &
III)

caespitosum (Group I

and rarely II)

ovalifolium (Group I)

Veronica alpina, var. unalaschcensis

(Group I)

Castilleja pallida, var. septentrionalis

(Groups I. II, & III)

Rhinanthus oblongifolius (Group I)

Viburnum pauciflorum (Groups I,

II, & III)

Lonicera caerulea, var. villosa (Groups

I & III)

Valeriana sylvatica (Group II)
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Solidago multiradiata (Groups II & Senecio pauciflorus (Group II)

III) Cirsium muticum, var. monticola

Aster foliaceus (Group III) (Group III)

Erigeron hyssopifolius (Group II) Taraxacum ceratophorum (Group

Gnaphalium norvegicum (Group I) II)

Achillea borealis (Groups II & III) Prenanthes trifoliolata, var. nana

Petasites trigonophylla (Group I) (Groups I & III)

Arnica mollis (Groups I & II)

On these bogs and meadows, it will be noticed, there is a decided

mingling of the plants which on alpine rocky slopes or on cliffs are

rarely if ever found associated.

Similarly, in the valleys of rivers flowing from our higher mountain

areas fragments or seeds of alpine plants are washed down to the bot-

tom-lands where there results a mingling of the plants which are

ordinarily confined to distinct areas and soils. Thus, along the River

Ste. Anne des Monts, which receives much of the drainage from Mt.

Albert, Table-top, and the adjacent mountains, we find, on the broad

alluvial " flats" which are submerged during the freshet periods, such

plants as Vaccinium ovalifolium (Group I), V. Viiis-Idaea, var. minus

(Groups I & III), Lychnis alpina (Group III), Epilobium alpinum

(Group I), and Dcschampsia cacspitosa, var. alpina (Group III)

growing side by side and in equal luxuriance with Arabia alpina,

Dryas Drummondii, Erigeron hyssopifolius, Senecio disroidrus, Taraxa-

cum ceratophorum, and other plants which in their rock-habitats are

confined primarily to areas of Group II.

These series of habitats, the meadows, bogs, and alluvial plains,

are alike, it will be seen, in having an extremely fine and mixed soil,

often derived from rocks of very different kinds; and it is, apparently,

the availability in these soils of the potassium, calcium, and often

the magnesium, which makes it possible for plants, which in less

favored soils are restricted to rocks high in one or another of these

elements, to grow side by side on the bogs, meadows, and alluvial

plains. Now, if we consider the condition of much of the northern

hemisphere during the period when the great iee-sheet was receding

and the arctic and subarctic plants were following in its wake, we shall

see that there were, in America for instance, measureless stretches of

country, from Long Island Sound northward, westward and north-

westward and again on the western slopes of the continent, which

were essentially identical in their character with the bogs and mead-

ows above referred to, while there also abounded far greater deposits
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of mixed and water-worn "till" than now cover large portions of our

region. On these vast areas of fine and mixed soils nearly if not quite

all the polar and boreal species could find the food-element or the

combinations of elements upon which they most depended. For,

even if the newly deposited soil in a given region were derived pri-

marily from a single rock or from two rocks, a limestone and a ser-

pentine for instance, it would require the presence in the region of

only a very small quantity of another rock, a potassic feldspar for

example, to support during their northward march the plants which

require a potassic soil, as well as those which depend upon an abun-

dance of calcium or magnesium. A very vivid illustration of this fact

is contained in a recent paper by Mr. Allcrton S. Cushman on "The

Use of Feldspathic Hocks as Fertilizers." 1 Mr. Cushman says:

"Grinding is making surface, and it can be shown that the availa-

bility of potash in ground feldspar increases with the surface area. If

feldspar is ground so that it will pass an 80-mesh sieve, it will of

course contain a certain proportion of very fine particles, some of

which approach the limits of visibility under a powerful microscope.

If we carry on the grinding of the material from 80-mesh to 200-mesh,

the proportion of the very small particles is enormously increased.

The smallest particles which we need to consider here are those

which can be measured by a micrometer device connected with the

microscope. These smallest particles have a diameter of about 0.0001

millimeter. Now, in order to make a specific example, we will con-

sider the surface areas presented by 1 pound of feldspar in different

degrees of subdivision. First, in the form of a solid cube, then broken

down to particles that could just pass an SO- and a 200-mesh sieve,

respectively, and, finally, in the condition it would be if it were possible

to grind all the material as fine its the finest particles which occur in an

ordinary 200-mesh powder. The 1 pound of feldspar in a solid cube

would have a surface area of 20.3 square inches; particles capable

of passing an SO-mcsh scire would give 8,870 square inches ;
particles

able to pass a 200-mesh sieve would give 24,005 square inches; and

if it were possible to reduce the powder to particles 0.0001 millimeter

in diameter, there would result a surface area of 16,460,000 square

inches.

If it were practically possible to collect 1 ton of feldspar all in the

1 U. S. Dept. Agric, Bur. PI. Ind., Bull. no. 104 (1907).



1907] Fernald —Soil Preferences of Alpine Plants 193

state of the finest particles, as shown above, the surface-area presented

by the ton would be enormous —in fact, it would be equal to 256,000,-

000 square feet, 5,877 acres, or more than 9 square miles." *

It is quite conceivable, then, that the polar plants, which had been

forced to find temporary homes on the potassic, calcareous, or mag-

nesian areas or the mixed soils of our more southern states and in

Mexico, found in the extensive alluvial deposits, which, after the

receding of the ice, covered much of the northern half of our continent,

a mixed soil in which they were able to spread both eastward and

westward as well as poleward; and then, as the particular soil-

element upon which they most depended gradually became exhausted

from the mixed soil and as the climate at low altitudes became increas-

ingly warmer, these plants found upon bogs, cold meadows or sheltered

alluvial shores, or upon cold cliffs and exposed mountain summits,

the only habitats in which they have been able to persist within otir

temperate regions.

In areas of conglomerate rocks, it should be added, as for instance

on some of the conglomerate cliffs along the lower St. Lawrence,

where the component pebbles are of varied origin (limestones, ser-

pentine, feldspathic rocks, etc.), there is sometimes a mixture of floras

similar to that found on the bogs or meadows, and such plants as

Empetrum and Hedi/sarum or Zygadenns will be found occasionally

on the same cliffs. In such mixed areas it is, of course, difficult with-

out actual examination of the soil and analyses of the ash of the

plants, such as are now being made by Mr. H. H. Bartlett, to deter-

mine the controlling soil-elements.

Similarly, in the mixed soils which cover the ordinarily tillable

districts of our northern states and Canada the problem is complicated,

and in these temperate areas the preference of certain plants for one

soil or another is best seen in rock- and cliff-habitats. There is need

of close observations along these lines, and, although, in the alpine

and subalpine areas here chiefly considered, the distribution of plants

is largely controlled by the preponderance in the soil of potassium,

calcium and magnesium, it will be found that in various areas, sodium,

iron, and other elements are of eqtial importance in determining the

ranges of our plants.

I Cushman, 1. c. 27, 28.


